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ABSTRACT

A system for treating a lesion site of a patientis disclosed. The
system includes a cannula having a lumen, a conduit in com
munication with said lumen, an introducer stylet removably
disposed within said cannula, a resecting device selectively
insertable within said cannula, and an adjuvant treatment
device selectively insertable within said cannula.
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an adjuvant therapy device into the patient's body through the
outer cannula, and treating the lesion site using the adjuvant
therapy device.

CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This application is a Continuation-in-part of U.S.
patent application Ser. No. 1 1/550.209 filed on Oct. 17, 2006
which is a Continuation-in-part of U.S. patent application Ser.
No. 1 1/237,110 filed on Sep. 28, 2005, the contents of which
are incorporated herein by reference in their entirety.
TECHNICAL FIELD

0002 The present disclosure relates generally to a surgical
system and method for removing and treating diseased tissue.
BACKGROUND

0003 Surgical cancer treatments have advanced to two
primary stages. A first stage removes the cancerous tissue by
resecting the tissue from the body. The goal of the first stage
is to remove all cancerous cells from a target area. However,
unless a large portion of healthy tissue is also resected, a
possibility exists that some cancerous cells remain near the
resection site.

0004. A second stage typically involves a broad-based
radiation therapy to the cancerous region. The radiation
therapy is necessary to destroy any cancerous tissue that may
have remained in the targeted area after resection. However,
broad-based radiation therapy requires multiple exposures to
high doses of radiation. Such exposure results in undesirable
side effects and the exposure may not be limited to the tissues
that surrounded the resected tissue. Further, a full course of

treatment may require six weeks of individual treatments that
result in frequent visits to a hospital or treatment Suite.
0005 Accordingly, an improved treatment method is
desired that improves treatment effectiveness, reduces side
effects, reduces treatment time, avoids widespread exposure
to radiation, and is verifiable using medical imaging tech
niques. Additionally, an improved treatment method is
desired that may be used with multiple imaging modalities,
these modalities may include Magnetic Resonance Imaging
(MRI), ultrasound, and x-ray Computed Tomography (CT).
SUMMARY

0006. A system for treating a lesion site of a patient is
disclosed. In one embodiment the system includes a cannula
having a lumen, a conduit in communication with the lumen,
an introducer stylet removably disposed within the cannula, a
resecting device selectively insertable within the cannula, and
an adjuvant treatment device selectively insertable within the
cannula. In an alternative embodiment, a tissue cavity is Sub
ject to brachytherapy.
0007. A method of treating a lesion site of a patient is also
disclosed. The method includes the steps of inserting an intro
ducer stylet having an outer cannula disposed thereon into a
patient's body creating a pathway to a lesion site, removing
the introducer stylet from the patient's body leaving behind
the outer cannula. The method may further include inserting
a resection device into the patient's body through the outer
cannula and removing tissue from the lesion site, removing
the resection device from the patient's body leaving behind
the outer cannula. Further, the method may include inserting

BRIEF DESCRIPTION OF THE DRAWINGS

0008. The features and inventive aspects of the present
disclosure will become more apparent upon reading the fol
lowing detailed description, claims, and drawings, of which
the following is a brief description:
0009 FIG. 1 is a side view of an introducer stylet in accor
dance with an embodiment of the present disclosure;
0010 FIG. 2 is a side view of an outer cannula and fluid
conduit in accordance with the embodiment of FIG. 1;

0011

FIG. 3 is a side view of a target confirmation device

in accordance with the embodiment of FIG. 1;

0012 FIGS. 3A and 3B are side views of target confirma
tion devices according to alternate embodiments of the
present disclosure;
0013 FIG. 4 is a side view of an exemplary biopsy device
for use with an introduction system of the present disclosure;
0014 FIG. 5 is a detailed cross sectional view of a cutting
element of the biopsy device of FIG. 4;
0015 FIG. 6 is a side view of an aspiration wand suitable
for insertion into the outer cannula of FIG. 2;
0016 FIG. 7 is a side view of a treatment device wand
suitable for insertion into the outer cannula of FIG. 2;

0017 FIG. 8 is a cross-sectional view of a cryo-ablation
treatment device for use with the treatment device wand of

FIG. 7;

0018 FIG. 9 is a cross-sectional view of the cryo-ablation
treatment device of FIG. 8 as used in a medical procedure;
0019 FIG. 10 is a cross sectional view of a photodynamic
treatment device for use with the treatment device wand of

FIG.7;

0020 FIG. 11 is a side view of a radiofrequency treatment
device for use with the treatment device wand of FIG. 7:

0021 FIGS. 12-21 are elevational views illustrating dif
ferent stages of a medical procedure using the medical system
of the present disclosure.
0022 FIG. 22 is a haemostatic agent embodiment that
introduces a haemostatic agent to a target site, according to an
embodiment;

0023 FIG. 23 is an alternative haemostatic agent embodi
ment to the embodiment of FIG. 22 that introduces a haemo

static agent to a target site;
0024 FIG. 24 is a procedure introducing an inking agent
to a target site, according to an embodiment;
0025 FIG.25 is an inked margin region around the periph
ery of a target site;
0026 FIG. 26 is a resection of a target site including an
inked margin region;
(0027 FIG. 27A is a fully inked portion of resected tissue:
(0028 FIG. 27B is a partially inked portion of resected
tissue;

(0029 FIG. 27C is a fully non-inked portion of resected
tissue;

0030 FIG. 28 is a target site after inking and resection to
remove an inked margin region;
0031 FIG. 29 is a flow diagram of a resection process,
including application of a haemostatic agent as is described
above with respect to FIGS. 22 and 23;
0032 FIG.30 is a margin process for determining whether
a margin region has been resected, and is related to FIGS.
24-28;
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0033 FIG. 31 is a contrast agent localization process
wherein contrast agents are used in conjunction with imaging
modalities and a target confirmation device to Verify therapy
positioning:
0034 FIG. 32 is a contrast agent therapy verification pro
cess wherein a lesion is identified, treatment is performed,
and treatment is verified using a selected imaging modality;
0035 FIG.33 is an attempt to position an outer cannula
centrally with respect to a lesion;
0036 FIG. 33A is a portion of FIG. 33 that has been
enlarged to show the positioning attempt:
0037 FIG. 34 is a center-of-mass placement of a target;
0038 FIG. 35 is a partially treated region within a lesion;
0039 FIG. 36 is a completed region, after a lesion is fully
treated;

0040 FIG. 37 is a re-injection process that provides for
removal of cancerous tissue, denaturing the protein contained
therein, and re-injecting the protein to stimulate the body's
natural immune response against the cancerous cells.
0041 FIG. 38 shows placement of a localized treatment
seed (e.g., brachytherapy);
0042 FIG. 39 shows a treatment penetrating the surround
ing tissue using a single localized treatment seed;
0043 FIG. 40 shows placement of multiple treatment
seeds at a target site;
0044 FIG.41 shows a treatment penetrating the surround
ing tissue using multiple localized treatment seeds;
004.5 FIG. 42 shows a tissue anchor for a localized treat
ment seed within a patient;
0046 FIG. 43A shows a side cross-section of treatment
pellets dispersed in a material;
0047 FIG. 43B shows a front cross section of treatment
pellets dispersed in a material;
0.048 FIG. 43C shows front cross section of treatment
pellets dispersed in a material in an alternative embodiment,
the pellets being evenly spaced apart;
0049 FIG. 44 shows a caged treatment seed;
0050 FIG. 45 shows a caged treatment seed wherein the
cage includes barbs such that the cage and seed do not migrate
once deployed;
0051 FIG. 46 shows a compressed foam capsule being
delivered to the target site:
0052 FIG. 47 shows a delivered foam capsule at the target
site;

0053 FIG. 48 shows an expanded foam capsule substan
tially filling the target site;
0054 FIG.49 shows a treatment penetrating the surround
ing tissue using an expanded foam delivery mechanism;
0055 FIG. 50 shows the deployment and placement of
treatment seeds around the debulked area; and

0056 FIG. 51 shows a flow diagram of deployment and
placement of one or multiple treatment seeds at the debulked
aca.

0057 FIGS. 52A-52C illustrate an interstitial brachy
therapy device.
0058 FIG.53 shows a flow diagram ofuse of an interstitial
brachytherapy device.
DETAILED DESCRIPTION

0059 Referring now to the drawings, preferred embodi
ments of the present disclosure are shown in detail. Although
the drawings represent embodiments of the present disclo
Sure, the drawings are not necessarily to scale and certain
features may be exaggerated to better illustrate and explain
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the present disclosure. The embodiments set forth herein are
not intended to be exhaustive or otherwise limit the disclosure

to the precise forms disclosed in the following detailed
description.
0060 Referring to FIGS. 1-3, a medical system 20 is
shown that includes an introducer stylet 22, an outer cannula
24 and a target confirmation device 26. As will be described in
detail, system 20 is particularly, but not necessarily, suited for
use in biopsy procedures that identify the target biopsy site
using Magnetic Resonance Imaging (MRI) or a comparable
medical imaging modality. A system similar to system 20 can
be seen by way of example in U.S. Pat. No. 7,347,829, which
is owned by the assignee of the present application and is
incorporated herein by reference in its entirety.
0061. In one embodiment, introducer stylet 22 includes a
handle 28 and a stylet 30 having a distal end 32 and a proximal
end 34 connected to handle 28. Handle 28 may be made of a
medical grade resin or other MRI compatible material. Stylet
30 may also be made of an MRI compatible, medical grade
material, such as 316 stainless steel or inconel 625.

0062. In one particular configuration, distal end 32 of
stylet 30 may be provided with a tissue piercing tip. Such as a
trocar tip, to facilitate penetration of stylet 30 into a patient’s
tissue. In addition to a trocar tip, it will be appreciated that
stylet 30 may include other devices for piercing the patient's
tissue, including without limitation, devices that use a laser,
radiofrequencies (RF), or ultrasonics to pierce the tissue. The
length of stylet 30 is generally denoted by the reference
character 'A' in FIG. 1.

0063 Referring to FIG. 2, an embodiment of outer can
nula 24 is shown. Outer cannula 24 extends from an open
proximal end 36 to an open distal end 38, which is separated
from proximal end 36 by a distance generally denoted by the
reference character “B”. Like introducer stylet 30, outer can
nula 24 may be made from a medical grade resin or other MRI
compatible material. In some configurations, proximal end 36
may include a luer-style fitting or other Suitable configuration
for interfacing, but not necessarily connecting, outer cannula
24 with target confirmation device 26. A depth limiting mem
ber 39, such as, for example, a rubber o-ring, may be move
ably disposed on outer cannula 24 to limit the insertion depth
of outer cannula 24 into the patient's body.
0064. In one embodiment, outer cannula 24 may also
include an inner lumen 40 therethrough, which is open to
communication with a fluid conduit 42 for Supplying fluids,
Such as Saline and anesthetics, or removing fluids, such as
blood, from the patient's body. Fluid conduit 42 communi
cates with inner lumen 40 via a port in outer cannula 24. In
Some configurations, outer cannula 24 may include a haemo
static valve, depicted generally as element 41, or a manually
operable valve 41' that can be selectively closed to prevent the
escape of fluid from proximal end 36. Fluid conduit 42 may
also include a directional valve 43 to selectively control the
supply and removal of fluid to and from inner lumen 40,
respectively.
0065. In FIG. 3, an embodiment of target confirmation
device 26 is depicted. Target confirmation device 26 is an
elongated member that is sized to fit within inner lumen 40 of
outer cannula 24. Target confirmation device 26, which may
be made of a medical grade resin or other MRI compatible
material, extends from a connecting end 44 to a distal end 46.
Connecting end 44 may be configured with a cap 47 that abuts
proximal end 36 of outer cannula 24 when target confirmation
device 26 is inserted into outer cannula 24. In some configu
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rations, cap 47 may include a luer-style fitting or other Suit
able feature for interfacing, but not necessarily connecting,
target confirmation device 26 with outer cannula 24.
0066 Distal end 46 of target confirmation device 26 may
be generally rounded to facilitate entry into the patient's body.
In one embodiment, a portion of target confirmation device 26
is configured with a magnetic resonance imaging (MRI) iden
tifiable material, such as inconel 625, titanium or other mate

rial with similar magnetic characteristics. In one particular
configuration, a targeting band 48 is provided a distance “C”
from connecting end 44, as shown in FIG.3; the distance “C”
being measured from the approximate center of targeting
band 48 to connecting end 44 (or the inside of cap 47), for
example. Targeting band 48 provides a reference point in an
MR image relative to the target biopsy tissue.
0067. In another embodiment of target confirmation
device 26, the tip of target confirmation device 26 itself may
be used to provide the reference point in the MR image,
provided the target confirmation device material exhibits a
relatively low artifact during MR imaging. As used herein, the
term “artifact describes a material's tendency to distort an
MR image. A material exhibiting a relatively high artifact will
render the body tissue Surrounding the material unreadable in
an MR image. Conversely, a material with a relatively low
artifact or signal void will allow the material to be readily
identified in the MR image and will not significantly distort
the MR image of the Surrounding tissue.
0068. As shown in the embodiments of FIGS. 3A and 3B,
distal end 46', 46" of target confirmation device 26' 26" may
include a particular shape to help identify the location of
target confirmation device 26 relative to the Surrounding tis
sue. In the embodiment of FIG. 3A, a portion of target con
firmation device 26' adjacent distal end 46" has a smaller
diameter relative to the remaining length. Alternatively, in the
embodiment of FIG. 3B, a portion of target confirmation
device 26" has a tapered distal end 46" to provide an hour
glass like image when viewed under MR. It will be appreci
ated that the target confirmation devices represented in FIGS.
3, 3A and 3B are not limited to the configurations shown, and
that other configurations are with in the scope of the present
invention.

0069. In still another embodiment, stylet 30 may function
as a target confirmation device. In this embodiment, intro
ducer stylet 22, and more particularly stylet 30, may be made
of an MRI compatible material that preferably, but not nec
essarily, exhibits a relatively low artifact.
0070 An exemplary resection apparatus 50, which is suit
able for use with system 20 of the present disclosure, is
generally shown in FIG. 4 and in more detail in FIG. 5.
Resection apparatus 50 includes a cutting element 52 sized
for introduction into a handpiece 54. The exemplary resection
apparatus 50 is configured as a “tube-within-a-tube' cutting
device. More particularly, cutting element 52 includes an
outer cannula 56 having an outer lumen 57 and an inner
cannula 58 sized to fit concentrically within the outer lumen.
A motor or other motion generating device is provided within
handpiece 54 to rotate and/or translate inner cannula 58
within outer cannula 56. A biopsy apparatus similar to resec
tion apparatus 50 can be seen by way of example in pending
U.S. patent application Ser. Nos. 09/707,022 and 09/864,031,
which are owned by the assignee of the present disclosure and
are incorporated herein by reference in their entirety.
0071. One embodiment of a working end of cutting ele
ment 52 is depicted in FIG. 5. In the illustrated embodiment,
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outer cannula 56 defines a tissue-receiving opening 60, which
communicates with outer lumen 57. The working end of
cutting element 52 may further include a cutting board 64 that
is disposed within outer lumen 57 at the distal end of outer
cannula 56. Inner cannula 58 defines an inner lumen 65that is

hollow along its entire length to provide for aspiration of the
biopsy sample (tissue). Inner cannula 58 terminates in a cut
ting edge 66 that may be formed by an inwardly beveled
Surface having a razor-sharp edge.
0072 Referring to FIG. 6, a wand 68 is shown that can be
inserted into outer cannula 24 after resection apparatus 50 has
been removed, or at any time outer cannula 24 is free of
obstruction. In one embodiment, wand 68 extends from a

connecting end 70 to an insertion end 72 and includes alumen
74 that extends from connecting end 70 to insertion end 72.
Connecting end 70 may include a luer interface or other
Suitable fitting for connecting wand 68 to a vacuum source
(not shown) or a fluid source (not shown). Wand 68 may also
include a cap 76 that can be placed onto connecting end 70 to
inhibit fluid leakage when wand 68 is inserted into the patient.
The haemostatic valve 41 in outer cannula 24 seals against
wand 68, as it does against target confirmation device 26 and
resection apparatus 50, when inserted into outer cannula 24.
Additionally, the outside diameter of wand 68 is preferably
less than the inside diameter of inner lumen 40 to allow the

passage of fluids through fluid conduit 42 to pass into or out
of the patient's body. When cap 76 is removed and wand 68 is
connected to a vacuum source, fluids, such as blood and

saline, can be aspirated from the biopsy site or, conversely,
when connected to a fluid source, fluids can be delivered to

the biopsy site.
(0073. Referring to FIG. 7, a treatment device 100 is shown
that can be inserted into outer cannula 24. In one embodiment,

treatment device 100 includes a treatment tip 102 sized for
introduction into the patient's body, a treatment shaft 104
having a proximal end 106, and a treatment handpiece 108. A
fluid system, electrical system, or other Supporting elements
may be attached to, or operate in cooperation with, treatment
handpiece 108 in order to effectuate an adjuvant treatment at
treatment tip 102 (to be explained in further detail with
respect to FIGS. 8-11).
0074. An alternative embodiment of treatment device 100'
is depicted in FIG.8. Treatment device 100' is a cryo-ablation
device. Treatment device 100', utilizing cryo-ablation, is a
Surgical technique using extremely cold temperatures to
destroy cells. In the illustrated embodiment, treatment device
100' includes an inner cannula 120 sized to fit within outer

cannula 24 of system 20. Treatment tip 102' is sized to extend
beyond distal end 38 of outer cannula 24 and directly inter
face the patient's tissue. A supply tube 122 extends from
treatment handpiece 108 through inner cannula 120 and pro
vides freezing liquid to treatment tip 102'. The freezing liquid
exits treatment tip 102 through a return cavity 124 defined as
a region between inner cannula 120 and supply tube 122.
Treatment tip 102' is configured to directly interface the
patient's tissue and deliver the freezing treatment to the tissue
surrounding treatment tip 102'.
0075 Additionally, treatment tip 102 may include a shield
126 that allows for a portion of the tissue surrounding treat
ment tip 102 to be substantially protected from the freezing
treatment. Thus, a Surgeon may use shield 126 in sensitive
areas so that undesired damage does not occur to sensitive
tissues. For example, as illustrated in more detail in FIG. 9.
treatment tip 102' is used between a target tissue 130 and a
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protected tissue 132. In this example, a Surgeon may intend
target tissue 130 to receive the cryo-ablation from treatment
tip 102'. However, a sensitive tissue, such as an intestinal wall
or skin, may not be able to withstand the treatment. In the case
of an intestinal wall, the freezing may create an opening that
may cause leakage and infection. Similarly, the skin may
become damaged and a breaking of the skin may result. In
these cases, shield 126 insulates protected tissue 132 from the
freezing effects.
0.076 Another alternative embodiment of treatment
device 100" having treatment tip 102" is embodied as a pho
todynamic treatment device 140 as illustrated in FIG. 10.
Photodynamic treatment device 140 includes a support shaft
142 sized to fit within outer cannula 24 of system 20, a balloon
144 configured for inflation when extended beyond outer
cannula 24 of system 20, an optic guide 146 configured to
deliver light, and a cap 148 configured to secure balloon 144
and optic guide 146 at a distal end 150. Photodynamic treat
ment device 140 utilizes a light source and, if desired, a
photosensitizing agent to effectuate destruction of tissue at a
desired location.

0077. In operation, balloon 144 is inflated by a high pres
sure provided by an inflation channel 151 positioned between
optic guide 146 and support shaft 142. Once inflated, balloon
144 is pressed against the Surrounding tissue and a high power
light source is activated. Photodynamic treatment device 140
then provides emitted light 152 to the treatment location. The
heating effects of emitted light 152 may alone be sufficient for
treatment. However, if desired, a photosensitizing agent may
be applied to the treatment location to improve the destructive
effect of emitted light 152. The photosensitizing agent may be
applied before the surgical procedure, or alternatively, be
applied locally by wand 68. When a photosensitizing agent is
used, emitted light 152 interacts with the agent providing
enhanced tissue destruction. Further, the photosensitizing
agent may be configured to have an affinity for cancerous
cells. Thus, damage to healthy tissues is further reduced.
0078. Another alternative embodiment of treatment
device 100" having treatment tip 102" is a radiofrequency
ablation device 160 as illustrated in FIG. 11. Radiofrequency
ablation device 160 includes a delivery cannula 162 sized to
fit within outer cannula 24 of system 20 and one or more
probes 164 configured to deliver radiofrequency energy to
Surrounding tissue. When inserting delivery cannula 162 in
outer cannula 24 of system 20, probes 164 are retracted within
delivery cannula 162. After reaching the appropriate depth to
access the treatment location, probes 164 are extended
beyond a distal end 166 of delivery cannula 162. After exten
Sion, probes 164 are in communication with the Surrounding
tissue and may be energized to effectuate treatment.
0079. Yet another alternative embodiment of treatment
device 100 includes a laserablation device that utilizes heat to
ablate tissue.

0080. As discussed below in connection with FIGS.
52-53, still another alternative embodiment of treatment

device 1200 includes the use of localized interstitial brachy
therapy. In using this approach, a radioactive Substance is
provided interstially via balloon systems, one or more radio
active seeds, or the like, which may be placed (either tempo
rarily or permanently) at the Suspect tissue.
0081 Referring to FIGS. 12-21, a medical procedure of
the present disclosure will be described. In one embodiment,
system 20 is employed to provide adjuvant treatment of a
target tissue 80 within a patient's body 170. Target tissue 80.
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or lesion, to be biopsied and/or removed and Subsequently
adjuvantly treated is located using a medical imaging system,
such as MRI or other suitable imaging modalities. A reference
structure 172 may be positioned adjacent patient's body 170
to assist in locating the target tissue 80. The location of target
tissue 80 relative to reference structure 172 may be deter
mined along one or more axes. In the illustrated embodiment,
the location of target tissue 80 relative to reference structure
172 is determined along the X and Y axes; however, the target
tissue 80 location may also be determined along all three of
the X, Y, and Z axes. While the described method employs
reference structure 172 to locate target tissue 80, reference
structure 172 is not necessarily required and a more “free
hand' approach may be utilized.
0082 In an embodiment, reference structure 172 includes
a Support grid having a number of holes therethrough. Each
hole is sized to allow passage of outer cannula 24. The hole
through which outer cannula 24 is ultimately inserted is deter
mined by the location of target tissue 80 relative to reference
structure 172 along the X and Y axes. Patient's body 170 and
reference structure 172 are viewed using a medical imaging
system, such as MRI, to determine the location of targettissue
80 relative to reference structure 172.

I0083. After application of anesthesia, the stylet portion of
introducer stylet 22 and a portion of outer cannula 24 are
inserted through the support grid and into patient's body 170,
creating a pathway 180 to target tissue 80 (see, e.g., FIG. 12).
Introducer stylet 22 is then removed from patient's body 170
leaving behind outer cannula 24 and pathway 180 (see, e.g.,
FIG. 13).
I0084. Fluids may be inserted into or removed from
patient's body 170 through inner lumen 40 via fluid conduit
42. These fluids may include, for example, additional anes
thetics and/or saline solution to cleanse pathway 180 and
remove blood. Accumulated blood and other fluids within

pathway 180 may be aspirated through fluid conduit 42 or by
inserting wand 68 prior to insertion of target confirmation
device 26, 26' 26".

I0085. Once introducer stylet 22 is removed from outer
cannula 24, target confirmation device 26, 26' 26" may be
inserted into patient's body 170 through the path 180 created
by outer cannula 24 (see, e.g., FIGS. 13 and 14). With target
confirmation device 26, 26' 26" properly inserted into outer
cannula 24, an image of the target site is again taken to
determine the location of targeting band 48 or distal end 46',
46" in relation to target tissue 80 and reference structure 172.
If targeting band 48 or distal end 46', 46" is in the desired
position adjacent target tissue 80 along the Z-axis, target
confirmation device 26, 26' 26" is removed from outer can

nula 24. However, if targeting band 48 or distal end 46', 46" is
not in the desired position, then the position of target confir
mation device 26, 26' 26" and outer cannula 24 is modified

along the Z-axis until the desired position is achieved.
I0086 Once the desired position is achieved, depth limiting
member 39 is moved against reference structure 172 to inhibit
movement of outer cannula 24 further into patient’s body 170.
When no reference structure 172 is used, depth limiting mem
ber may be moved directly against the patient's skin. Target
confirmation device 26, 26' 26" is then removed from outer

cannula 24 and resection apparatus 50 is inserted into outer
cannula 24 until handpiece 54 abuts proximal end 36 of outer
cannula 24.

0087. In the embodiment illustrated in FIG. 15, one or
more samples of target tissue 80 are removed from patient’s

US 2012/0289859 A9

body 170 through tissue-receiving opening 60. The correct
position of tissue-receiving opening 60 is ensured because the
distance “C” between connecting end 44 of target confirma
tion device 26, 26' 26" and targeting band 48 (see, e.g., FIGS.
3 and 14), or the distance between connecting end 44 and the
predetermined location on target confirmation device 26, 26'.
26" (FIGS. 3, 3A, 3B), is approximately equal to the distance
between the center of tissue-receiving opening 60 and hand
piece 54 of resection apparatus 50.
I0088 FIG. 16 illustrates the use of resection apparatus 50
for debulking a region of tissue where target tissue 80 is a
significant region. In this case, resection apparatus 50 may be
rotated and used to debulk the entire region of target tissue 80.
As illustrated, resection apparatus 50 has been rotated leaving
avoid 182 and is used to resect the remaining portion of target
tissue 80.

0089 Generally, the debulking procedure may be used
where suspicion of cancerous tissue exists, or where treat
ment of a previously resected region is desired. In the case
where a biopsy has previously been taken, the debulking
process removes any hematomas that may have developed
due to the biopsy or earlier procedure. In addition to resection
of suspect tissues, removal of fluids and hematomas improves
the efficacy of the adjuvant treatment because any fluids or
hematomas act as insulators to adjuvant treatment Such as
cryo-ablation and reduce the effectiveness of the freezing
penetration.
0090 When resection of target tissue 80 is complete,
resection apparatus 50 may be removed from patient's body
170 leaving void 182 (see, e.g., FIG. 17). In one embodiment,
where treatment is to be delayed for a predetermined time
period, after resection apparatus 50 is removed from the
patient's body 170, it may be desirable to place a site marker
into the void 182 to mark Void 182 for follow-up treatment or
resection. In one embodiment, this action may beachieved by
inserting a site marker delivery device that carries one or more
site markers into outer cannula 24 after resection apparatus 50
is removed. Examples of suitable site marker delivery devices
may be found in pending U.S. patent application Ser. Nos.
1 1/238,295 and 11/305,141, which are owned by the assignee
of the present disclosure and are incorporated herein by ref
erence in their entirety.
0091. Once inserted, one or more site markers are
deployed into void 182. While the site markers are designed
to be visible under a variety of imaging modalities, in some
instances it becomes difficult to see the site marker due to

fluid, blood or air collecting in void 182. To avoid this issue,
Void 182 may be aspirated prior to deploying a site marker.
0092. In one embodiment, aspiration of void 182 may be
achieved by inserting aspirating wand 68 into outer cannula
24 after resection device 50 is removed. In another alterna

tive, fluid conduit 42 may be operatively connected to a
vacuum device. Such as a syringe, as described in co-pending
U.S. patent application Ser. No. 12/061,195, which is com
monly owned with the assignee of the present disclosure, the
disclosure of which is hereby incorporated by reference in its
entirety.
0093. In yet another alternative, however, resection device
50 is utilized to perform the aspiration operation, prior to
resection device 50 being removed from void 182. In this
embodiment, after resection is performed, fluids may be
introduced into void 182 to cleanse void 182 via insertion

through fluid conduit 42. Next, resection device 50 is placed
in a manual aspiration mode whereby a vacuum is generated
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through resection device 50, thereby drawing any excess
fluid, air and/or blood away from void 182. While resection
device 50 is in the manual aspiration mode, resection device
50 is withdrawn from void 182 and outer cannula 24. A site
marker device is then inserted into outer cannula 24 and a site

marker is deployed. Because excess fluid and/or air is
removed from void 182 prior to site marker deployment, the
site may be visualized more readily.
0094. After resection is complete, treatment device 100,
100', 100", 100" may then be inserted into patient's body 170
through outer cannula 24 (see, e.g., FIGS. 7 and 18). Treat
ment tip 102, 102', 102", 102" is correctly positioned within
void 182 because the distance “C” between connecting end 44
of target confirmation device 26, 26' 26" and targeting band
48 or distal end 46', 46" (see, e.g., FIGS. 3 and 14) is approxi
mately equal to the distance between the center of tissue
receiving opening 60 and handpiece 54 of resection apparatus
50, and is approximately equal to the distance between a
predetermined portion of treatment tip 102, 102', 102", 102"
and treatment handpiece 108 of treatment device 100, 100',
100", 100" (FIG. 7).
0.095 With treatment device 100, 100', 100", 100"
inserted into patient's body 170 (see FIG. 18), a vacuum
device 190 may be attached to fluid conduit 42 by a vacuum
hose 192 (see FIG. 19A). A surgeon may then operate vacuum
device 190 to create a vacuum though lumen 40 of outer
cannula 24. The vacuum through lumen 40 draws tissue close
to open distal end 38 and collapses void 182 around treatment
tip 102, 102', 102", 102". FIG. 19B illustrates the collapsing
of void 182 around treatment tip 102, 102', 102", 102". A gap
200 between treatment tip 102, 102', 102", 102" and outer
cannula 24 provides a path for the vacuum to collapse Void
182.

0096. Once void 182 has collapsed under the vacuum,
treatment tip 102, 102', 102", 102" is activated (see FIG.
20A). The resulting damage to the Surrounding tissue creates
a margin 210 of ablated tissue that results in an increased
success rate for treatment. FIG.20B illustrates in detail mar

gin 210 surrounding treatment tip 102, 102', 102", 102" after
the adjuvant treatment has been applied. The cells in margin
210 have been ablated and no longer pose a threat of contin
ued growth of cancerous cells that may have been interstially
Surrounding target tissue 80.
0097. After the adjuvant treatment has been applied, the
surgeon may remove treatment device 100,100', 100", 100".
Depending upon the type of adjuvant treatment applied
through treatment tip 102, 102', 102", 102", a post-treatment
void may remain even after treatment device 100, 100', 100",
100" is removed from patient's body 170. The surgeon may
then review margin 210 under a preferred imaging modality.
If, for example, it is determined that the margin is not cor
rectly positioned or the adjuvant treatment has not achieved
the appropriate margin 210, treatment may be continued by
applying the adjuvant treatment repeatedly until medical
imaging satisfactorily Verifies the margin. Alternatively, mar
gin 210 may be improved by repeating the procedure or a
portion of the procedure beginning from any step. Further, the
procedure may be repeated a predetermined number of times
in order to reach an effective margin depth or shape.
0098. After completion of the procedure, void 182 may be
aspirated using wand 68. During or after aspiration, if any
aspiration is desired, a final image of margin 210 may be
taken to confirm removal of target tissue 80. The imaging also
provides a record of the ablation Zone for further analysis.
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Finally, an MRI identifiable treatment site marker, a collagen
plug, or other medical treatment may be inserted into the
biopsy site through outer cannula 24.
0099 Among other features, the medical system of the
present disclosure localizes the target site in a manner that
provides for confirmation of the target site under MRI or other
visualization modality, and allows positioning of a resection
device to ensure the cutting element of the resection device
can be accurately placed at the target site. Further, the medical
system provides for accurate positioning of an adjuvant
therapy device. Additionally, the system provides for verifi
cation of a margin created by an adjunctive therapy.
0100. The medical system of the present disclosure also
reduces side effects related to cancer treatments. Because the

system uses accurate targeted treatment of the target site, the
overall time the time of treatment is significantly reduced as
compared with traditional radiation therapy. Further, there is
no widespread exposure to radiation.
0101. While the method is preferably suited for treatment
of cancerous tissues that are unifocal, the treatment apparatus
and method described herein may be used for any type of
treatment including, but not limited to, multifocal diseases.
0102 FIG.22 shows a haemostatic agent embodiment 400
that introduces a haemostatic agent (represented by arrow(s)
H) to target site 182 through valve 43 and fluid conduit 43. A
syringe 401 (or other suitable applicator) is attached via a
connecting tube 402 to fluid conduit 42. Haemostatic agent H
is transported along a lumen 404 formed between outer can
nula 56 and inner lumen 40 of outer cannula 24. Check valve

41 functions to prevent haemostatic agent H from exiting
outer cannula 24 at proximal end 36. Haemostatic agent His
then deployed at 406 to target site 182 topically, e.g., haemo
static agent H is applied to a surface of target site 182. Once
haemostatic agent His deployed at 406, a haemostatic region
408 is formed that reduces, or in some cases, prevents bleed
ing into target site 182. Alternatively, haemostatic agent H
may be introduced to target site 182 through an introducer, a
side port, through a lumen, or through a resection device or
treatment device itself.

0103) In controlling the bleeding at target site 182, the
effectiveness and efficiency of therapies delivered to target
site 182 are improved. In general, the unknown insulative
properties of bleeding are controlled such that a more precise,
predictable, and reliable treatment results. In one example,
cryogenic probe 102 (described in detail above with respect to
FIGS. 7-9 and 19A-21) is used to ablate tissue surrounding
target site 182. However, the efficiency of the ablation proce
dure depends significantly on the rate and quantity of energy
transfer between probe 102 and the surrounding tissue.
Where no haemostatic agent H is applied before ablation,
target site 182 will continually bleed after resection apparatus
50 is removed. Thus, when probe 102 is inserted to perform
the ablation procedure, the blood at target site 182 will
become coagulated or hardened when exposed to probe 102.
This may present a serious problem in an ablation procedure
because coagulated blood behaves as an insulator between
probe 102 and the surrounding tissues (see FIG. 19B). Due to
the insulative properties of the blood, less energy transfer is
performed between probe 102 and the surrounding tissue.
The result is that the ablation procedure is less effective and
margin 210 (see FIG. 20B) is reduced.
0104. Other alternative uses for deploying haemostatic
agent Hinclude clotting a free flowing bleeder, e.g. to control
significant blood loss. Moreover, stopping or reducing blood
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flow allows for heated and freezing adjuvant therapies to be
applied with reduced heat sink effect from flowing blood that
carries away heat or cold. In addition, haemostatic agent H
may be used to dilute or flush out fluids that may be congre
gated near target site 182 while at the same time providing
control for bleeding.
0105. With the deployment of haemostatic agent H to tar
get site 182, blood does not flow from the walls of target site
182. The result is improved performance from an ablation
procedure using probe 102. By reducing or preventing bleed
ing from the Surrounding tissue, the efficiency of the ablation
procedure is improved resulting in an improved margin 210
(i.e., ablation of margin 210 in its entirety, or at least a greater
depth of ablation than would have been possible if blood were
present around probe 102).
0106 FIG. 23 shows an alternative haemostatic agent
embodiment 420 introducing a haemostatic agent H to target
site 182 through proximal end 36 and valve 41. In this
embodiment, handpiece 54 is removed from outer cannula 24
and thus, inner lumen 40 is unrestricted (See FIG. 2). Here,
syringe 401 is inserted through proximal end 36 and valve 41
Such that haemostatic agent His deployed directly down inner
lumen 40 along path 424 (See also FIG. 2). When reaching
distal end 38 of outer cannula 24, haemostatic agent H is
deployed at 426 to target site 182. In so doing, haemostatic
region 408 is formed on an inner wall of target site 182.
Depending upon the type and/or form of haemostatic agent H
used, selection of a haemostatic deployment embodiment
may be selected. For example, a liquid haemostatic agent H
may perform well using either the embodiment of FIG. 22 or
FIG. 23. However, a dry haemostatic agent H (e.g., a powder)
may have improved deployment performance using the
embodiment of FIG. 23. In so doing, the dry agent may be
mixed with air and blown into target site 182 by a mixture of
powdered haemostatic agent H and air.
0107 FIG. 24 shows a procedure 500 introducing an ink
ing agent (represented by arrows I) to target site 182 through
valve 43 and fluid conduit 42. An inking syringe 510 includes
inking agent I, e.g. methylene blue, which pervades tissue and
marks it for later visualization. In the case of methylene blue,
inked tissue is, for at least a predetermined time period, semi
permanently marked by coloration. Thus, a Surgeon may eas
ily and directly identify the marked tissue when excised from
target site 182. Stains other than methylene blue may be
selected, including, for example, bismarck brown, carmine,
coomassie blue, ethidium bromide, nile blue, or rhodamine.

The selection of stain will primarily depend on the type of
tissue targeted for stain and the method of observation, e.g.,
direct visualization with natural light, indirect visualization,
visualization with ultraviolet light, etc.
0.108 FIG. 25 shows an inked margin region 518 around
the periphery of target site 182 with outer cannula 24
removed. The depth of inked margin region 518 is dependent
upon the type of inking Substance used. For example, meth
ylene blue may be used as an inking Substance and will
penetrate the tissue Surrounding target site 182 at least a
millimeter from the surface. The depth of penetration of the
inking Substance also may depend upon a number of factors
including the tissue type, the dilution of the inking Substance,
the presence of bleeding at target site 182, etc.
0109 Referring to FIGS. 26-28 and 30, inking and resec
tion of tissue is discussed. A pathologist uses the resected
tissue to Verify the margin is a clear margin or a clean margin,
e.g., the margin tissue does not contain cellular material that
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is considered pathologically diseased and/or cancerous. An
inked portion of tissue, and particularly, partially inked por
tion 541 (described below) is used wherein the inked side
indicates to the pathologist that the inking is on the side
closest to the aggressively resected area. Thus, the pathologist
knows that the inked portion is more likely to contain cancer
ous material, if any.
0110 FIG. 26 shows further resection of target site 182,
including inked margin region 518. A vacuum is drawn (see
FIGS. 15-17) and tissue is resected from target region 182 as
a prolapsed section 550 of tissue enters the cutting region.
Thus, resection apparatus 50 is taking further tissue from
target site 182 into inked margin region 518. As tissue is
resected, it is Subsequently collected in a collection canister
Such as, for example, a system as described in U.S. patent
application Ser. No. 1 1/132,034, entitled “Selectively Open
able Tissue Filter” filed May 18, 2005, to Joseph L. Market
al., which is herein incorporated by reference in its entirety.
Thus, when inked margin region 518 is resected, the tissue is
held for inspection by the Surgeon and pathologist.
0111 FIG. 27A shows a fully inked portion 540 of
resected tissue. As shown, the entire portion of tissue resected
is inked with inking agent I. Thus, when viewed by the Sur
geon, it is known that the resected fully inked portion 540 is
taken from inked margin region 518.
0112 FIG. 27B shows a partially inked portion 541 of
resected tissue that includes an inked portion 542 and a non
inked portion 544. As shown, half of the resected tissue is
inked while the other half is non-inked. When performing
tissue resection, the Surgeon may conclude from this portion
of tissue that inked margin region 518 is being resected
through the thickness inking. Thus, resection of inked margin
region 518 is being visually identified and verified through
the collection of resected tissue once a pathologist has con
firmed that the sampled tissue, e.g. inked margin region 518.
does not contain cancerous cells.

0113 FIG. 27C shows a fully non-inked portion 546 of
resected tissue.

0114 FIG. 28 shows target site 182 after inking and resec
tion to remove inked margin region 518 (see FIG. 26). After
tissue has been resected to an extent such that no inked tissue

remains within target site 182, the margin is achieved, and a
margined cavity 560 remains.
0115 FIG. 29 is a flow diagram of a resection process
1000, including application of haemostatic agent H (see
FIGS. 22-23) as is described above with respect to FIGS. 22
and 23. Resection process 1000 is used withinking methods
described herein to confirm with pathology that significant
margins have been realized and that no cancerous cells are
detected within the margin region. Moreover, using the inking
process, a pathologist is able to determine which side of the
resected tissue was positioned inward toward target site 182.
Resection process 1000 starts at step 1010 wherein the target
site 182 is defined via the imaging modality. The imaging
modality chosen provides an image of general target area 610
(such as in FIG.33 wherein a lesion 620 is apparent within
general target area 610). In this way, the Surgeon has a visual
image of general target area 610 and can decide on a course of
action for access and treatment. Control then proceeds to step
102O.

0116. At step 1020, general target area 610 is localized
using introducer system outer cannula 24 (explained below in
detail with respect to FIG.31 and steps 1910 through 1940).
In general, the Surgeon inserts and positions outer cannula 24.
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Thereafter, the surgeon selectively inserts distal end 46 of
target confirmation device 26 to determine the position of
outer cannula 24 with respect to general target area 610.
Using the imaging modality, the Surgeon may be provided
real-time guidance (in the case of ultrasound imaging) or
selective snapshots (in the case of MRI). In any case, the
image provided by the imaging modality is used to localize
outer cannula 24 Such that treatment is appropriately posi
tioned with respect to general target area 610. In a final step,
the Surgeon confirms the position of outer cannula 24 with
respect to general target area 610 (explained above in detail
with respect to FIGS. 12-14 and localization of target tissue
80). Control then proceeds to step 1030.
0117. At step 1030, tissue is aggressively resected at vis
ible areas of the tumor at target site 182 using resection
apparatus 50 (discussed in detail with respect to FIG. 16).
Ideally, the resection operation will remove the entirety of any
remaining lesion tissue. However, in many circumstances,
resection of a lesion carries the risk that not all of the lesion

tissue will be resected. Control then proceeds to step 1040.
0118. At step 1040, haemostatic agent H is applied to
target site 182 (discussed above in detail with respect to FIGS.
22 and 23). Haemostatic agent H prevents or otherwise
reduces the amount of bleeding in target site 182 (see FIGS.
22-23). With haemostatic agent Happlied, film 408 reduces
bleeding and prevents target site 182 from accumulating
bodily fluids, including blood. Such a reduction in fluid col
lection improves the efficiency of secondary treatments to
target site 182. Control then proceeds to step 1050.
0119. At step 1050, resection apparatus 50 is removed
from outer cannula 24 (see FIG. 17). Note that step 1050 may
also be performed before step 1040. Control then proceeds to
step 1060.
I0120. At step 1060, treatment tip 102 is inserted to the
appropriate depth to target site 182 through outer cannula 24
(see FIG. 18). It is important to note that the therapy need not
be provided by treatment device 100 (See FIG. 7). For
example, treatment may be provided by cryoprobe 102 (see
FIGS. 7-9), light therapy 102" (see FIG. 10), or electro 102"
(see FIG.11). Further, as described below, treatment provided
through outer cannula 24 may include for example external
beam HIFU therapy, interstitial HIFU therapy, electropora
tion therapy, ultrasonicporation therapy, or interstitial micro
wave therapy. Control then proceeds to step 1070.
I0121. At step 1070, a vacuum is applied to target site 182
via outer cannula 24 (see particularly FIGS. 19A and 19B).
This process is described in detail above with respect to FIGS.
18-21. In addition to the vacuum being applied to pull tissue
close to treatment tip 102, where haemostatic agent H is
applied to target site 182, greater collapse of the cavity in a
uniform manner will be realized because target site 182 is
better sealed due to reduced bleeding. Control then proceeds
to step 1080.
I0122. At step 1080, treatment tip 102 is energized and
ablation occurs within target site 182 (discussed above in
detail with respect to FIGS. 20A and 20B). Using haemostatic
agent H. less blood will be present, and/or coagulated, at
target site 182. Thus, blood is not available as an insulator
around treatment tip 102. Therefore, more energy is trans
ferred to the Surrounding tissue and is more concentrated at
margin region 518. Control then proceeds to step 1090.
I0123. At step 1090, target site 182 is inked and tissue is
resected using a quadrant approach. That is to say, when using
an aperture-based resection device, the aperture is rotated
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Such that samples are taken in quadrants. In another example,
the aperture may be rotated at twelve (10) o'clock, three (3)
o'clock, six (6) o'clock, and nine (9) o'clock. In this way,
multiple samples are taken from target site 182 at the margin.
Control then proceeds to step 1092.
0.124. At step 1092, the resected tissue is then verified by
pathology that the inked portions do not include cancerous
tissue. If cancerous tissues are found in the resected tissue,

control then proceeds to step 1030 and aggressive resection
may begin again with further treatment required. If cancerous
tissue is not found in the resected tissue, e.g. the margin is
clear, resection process 1000 then ends.
0.125 FIG. 30 shows a margin process 1100 for determin
ing whether margin region 518 has been resected (see FIGS.
24-28 for detailed descriptions of margins resection). Margin
process 1100 begins at step 1110 where target site 182 is
defined via the imaging modality. In this way, the image
guided therapy allows a Surgeon to determine the Success or
thoroughness of the treatment at any stage, to determine that
more treatment is necessary, or that treatment is complete.
Control then proceeds to step 1120.
0126. At step 1120, general target area 610 is localized
using introducer system outer cannula 24 (explained below in
detail with respect to FIG.31 and steps 1910 through 1940).
In general, the Surgeon inserts and positions outer cannula 24.
Thereafter, the surgeon selectively inserts distal end 46 of
target confirmation device 26 to determine the position of
outer cannula 24 with respect to general target area 610.
Using the imaging modality, the Surgeon may be provided
real-time guidance (in the case of ultrasound imaging) or
selective snapshots (in the case of MRI). In any case, the
image provided by the imaging modality is used to localize
outer cannula 24 Such that treatment is appropriately posi
tioned with respect to general target area 610. In a final step,
the Surgeon confirms the position of outer cannula 24 with
respect to general target area 610 (explained above in detail
with respect to FIGS. 12-14 and localization of target tissue
80). Control then proceeds to step 1130.
0127. At step 1130, tissue is aggressively resected at vis
ible areas of the tumor at target site 182 using resection
apparatus 50 (discussed in detail with respect to FIG. 16).
Ideally, the resection operation will remove the entirety of any
remaining lesion tissue. However, in many circumstances,
resection of a lesion carries the risk that not all of the lesion

tissue will be resected. Control then proceeds to step 1140.
0128. At step 1140, haemostatic agent H is applied to
target site 182 (discussed above in detail with respect to FIGS.
22 and 23). Haemostatic agent H prevents or otherwise
reduces the amount of bleeding in target site 182 (see FIGS.
22-23). With haemostatic agent Happlied, film 408 reduces
bleeding and prevents target site 182 from accumulating
bodily fluids, including blood. Such a reduction in fluid col
lection improves the efficiency of secondary treatments to
target site 182. Control then proceeds to step 1150.
0129. At step 1150, the cavity at target site 182 is sampled.
Using resection apparatus 50, Samples of tissue are resected
from inked margin region 518 and collected in a collection
canister (or other Suitable filter or containment apparatus). At
this time, the Surgeon checks the resected tissue to determine
what type of tissue is being resected, and can distinguish
between the location of the resected tissue as it was taken

from inked margin region 518. For example, a Surgeon may
see fully inked portion 540, partially inked portion 541, fully
non-inked portion 546, or a mixture thereof (see FIGS. 27A
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27C) in the collection canister. When, for example, the
resected tissue conforms substantially with fully inked por
tion 540, the surgeon knows that inked margin region 518 is in
the process of being resected. When, for example, the
resected tissue conforms Substantially to partially inked por
tion 541, the surgeon knows inked margin region 518 is close
to being fully consumed in the area that tissue-receiving
opening 60 is exposed to at target site 182 (See FIG. 4).
Additionally, for example, when the resected tissue appears
like fully non-inked portion 546, then the surgeon knows that
inked margin region 518 is substantially removed at the loca
tion where tissue-receiving opening 60 is exposed.
0.130. It is also important to note, that tissue-receiving
opening 60 may be rotated and translated about distal end 38
of outer cannula 24. Such that the full extent of margin region
518 is resected (see FIGS. 15-17). Otherwise, for example,
were a Surgeon to leave resection apparatus 50 in a fixed
position (necessarily providing that tissue-receiving opening
60 is in a fixed position), only prolapsed region 550 would be
resected and the remainder of inked margin region 518 would
remain. Control then proceeds to step 1160.
I0131. At step 1160, a check is performed to determine
whether inked tissue is still being resected. The surgeon
observes the resected tissue for tissue marking resembling
fully inked portion 540, partially inked portion 541, and fully
non-inked portion 546 (see FIGS. 27 A-27C). If the resected
tissue resembles fully inked portion 540 and/or partially
inked portion 541, then the surgeon can infer that inked mar
gin region 518 is still at least partially intact and that more
resection is necessary. On the other hand, if the tissue resected
fully or substantially resembles fully non-inked portion 546,
then the Surgeon can infer that inked margin region 518 has
been removed and that only margined cavity 560 remains (see
FIG. 28). However, it is important to note that the determina
tion that only margined cavity 560 remains should be inferred
where the Surgeon has rotated tissue-receiving opening 60
and sampled at various areas of inked margin region 518 to
ensure that not only a portion of inked margin region 518 has
been sampled. If inked tissue is still being resected, control
proceeds to step 1150. Otherwise, control then proceeds to
step 1170.
0.132. At step 1170, a favorable pathology has been
achieved as indicated by the lack of inked tissue being
resected. At this point, inked margin region 518 is removed
and margined cavity 560 has been created. Thus, the margin
has been achieved through a method of inking a cavity, resect
ing the cavity tissue, and determining whether the inked tis
sue has been removed. Margin process 1100 then ends.
0.133 As an alternative to using inks, contrast agents may
also be used in therapy delivery and treatment. In one
example, nanoparticles may be used to highlight cancerous
cells in large scale including tumors and masses, using a
selected imaging modality Such that the therapy may be
image guided and/or image verified (explained in detail with
respect to FIGS. 29-36). For example, magnetic resonance
imaging can be used with contrast agents including monoc
rystalline iron oxide nanoparticles (MIONs). The MIONs are
in brief, iron oxide Superparamagnetic nanoparticles that are
encased in dextran. In an enhanced mode, cross-linked iron

oxide nanoparticles (CLIOS) may be used. In use, molecules
such as transferin may be attached to MIONs and CLIOs such
that the molecules "home-in' on cells (e.g., selectively target
cells) having higher than normal metabolic activity. In this
way, the MIONs and CLIOs accumulate in the cancerous
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cells. Then, under magnetic resonance imaging, the cancer
ous cells and tumors may be identified by an increased imag
ing response. In another example, ferumoXtran-10 may be
used as a nanoparticle contrast agent for magnetic resonance
imaging.
0134. Additionally, smart contrast agents may be
employed that have special properties in that they are not
detectable using magnetic resonance imaging until they have
reached the target site. In one example, Smart agents may
encapsulate gadolinium within the delivery molecule and
protect the gadolinium from water protons rendering the
gadolinium effectively inert to magnetic resonance imaging.
When the intended target (an enzyme or cellularion) interacts
with the delivery module, the interaction between water and
gadolinium is allowed, resulting in changes in T1 relaxation
that can be detected by magnetic resonance imaging. One
example of a Smart contrast agent is EgadMe (EgadMe being
a chelated gadolinium caged by a galactopyranose molecule).
EgadMe allows interaction of water with the caged gado
linium when EgadMe comes in contact with a B-galactosi
dase enzyme.
0135 Beyond gadolinium, which may only remain in tis
Sue for approximately thirty minutes, longer lasting contrast
agents such as ferumoXtran-10 may be preferred in that they
may allow multiple imaging sequences and treatment with a
single dose. Gadolinium agents may require multiple doses
during a procedure and may also give false readings due to
new lesions created by the treatment due to traumatized tissue
(e.g., additional doses of gadolinium agents may seek out
lesions created by treatment rather than cancerous cells). On
the other hand, ferumoxtran-10 allows an iron particle to
enter a cell and the imaging is not degraded by additional
doses or treatment related trauma. Depending upon the situ
ations at hand, longer lasting contrast agents or gadolinium
may be preferred depending upon the particular advantages
associated with use.

0.136 Moving now to image directed therapy and image
guided localization, FIGS. 31 and 32 show processes that
include image directed therapy and image guided localiza
tion. FIGS. 33-36 show certain steps of these procedures and
should be reviewed in concert with FIGS. 31 and 32.

0.137 FIG. 31 shows a contrast agent localization process
1900 wherein contrast agents are used in conjunction with
imaging modalities and target confirmation device 26 to
Verify therapy positioning. Using the imaging modality, e.g.,
MRI, PET, CT, ultrasound, terahertz, technologies, etc., the
location of lesion 620 is more particularly determined with
the use of a contrast agent. Moreover, combinations of imag
ing modalities may be used together. In so doing, the location
of outer cannula 24 is precisely determined Such that therapy
may be delivered accurately. Because contrast agents are not
present where tissue has already been resected, i.e. there is no
agent in an empty space created by a cavity, target confirma
tion device 26 may be used to localize lesion 620. Moreover,
even where a contrast agent was applied to the margins of
lesion 620, tissue resection may have removed the contrasted
portions of the cavity wall. Contrast agent localization pro
cess 1900 begins at step 1905 where a contrast agent is intro
duced to general target area 610 and allowed to associate with
lesion 620. Control then proceeds to step 1910.
0.138. At step 1910, outer cannula 24 is inserted within
general target area 610 in an attempt to locate target 48
centrally within lesion 620. Generally, an introducer cannula,
e.g. outer cannula 24, may be inserted to an approximate
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location and may then be further inserted, pulled back, or
re-directed as required by contrast agent localization process
1900. Control then proceeds to step 1920.
0.139. At step 1920, target confirmation device 26 is
inserted through outer cannula 24 to lesion 620 (see FIGS. 14,
33 and 34). Target confirmation device 26 (described in detail
above with respect to FIGS. 3, 3A, 3B, and 14) is selected
Such that it is visible under the chosen imaging modality.
Control then proceeds to step 1930.
0140. At step 1930, the selected imaging modality, in con
junction with an appropriate contrast agent, is used to deter
mine whether target confirmation device 26 is in the correct
position. In an embodiment, a nanotechnology contrast agent
is used to emphasize lesion 620 such that a lesion becomes
apparent in the imaging modality chosen. Control then pro
ceeds to step 1940.
0.141. At step 1940, the position of target confirmation
device 26, also viewable under the imaging modality, is then
compared with lesion 620 that is emphasized with the con
trast agent. Using the contrast agent and target confirmation
device 26, the position of lesion 620 as well as the position of
target confirmation device 26 is enhanced and may be more
easily determined. If outer cannula 24 is correctly positioned,
e.g. target confirmation device 26 is centrally located within
lesion 620, then control proceeds to step 1950. Otherwise,
control proceeds to step 1910 where outer cannula 24 is
repositioned.
0142. At step 1950, target confirmation device 26 is
removed from outer cannula 24. Control then proceeds to step
1960.

0.143 At step 1960, a therapy instrument is inserted
through outer cannula 24 to lesion 620 and therapy is per
formed (see FIGS. 15-21). It is important to note that the
therapy delivered may be the therapies described above
including, but not limited to, resection, ablation (including
electrode, photonic, and cryogenic ablation), delivery of
therapeutic agents, margin determinations, HIFU therapy,
electroporation therapy, ultrasonicporation therapy, intersti
tial microwave therapy, and any combination thereof. By
particularly locating lesion 620 using a contrast agent, target
confirmation device 26 may be precisely positioned to lesion
620 or to the centralized mass of diseased tissue such that

delivery of the therapy is more precise. Further, contrastagent
localization process 1900 may be used multiple times in the
same clinical session if more than one target site has been
identified or where more target sites are further identified
during the session through the use of a contrast agent. In this
way, the specific location of lesion 620 is found and therapy is
delivered precisely. Contrast agent localization process 1900
ends.

014.4 FIG. 32 shows a contrast agent therapy verification
process 2000 wherein lesion 620 is identified, treatment is
performed, and treatment is verified using a selected imaging
modality. At least in the case of FIG. 32, the therapy instru
ment is not limited to the specific embodiments of treatment
device 100 but may also include the resection of tissue. Con
trast agent therapy verification process 2000 begins at step
2005 where a contrast agent is introduced to general target
area 610 and allowed to associate with lesion 620. Control

then proceeds to step 2010.
0145 At step 2010, outer cannula 24 is inserted to lesion
620. Generally, an introducer cannula, e.g. outer cannula 24.
may be inserted to an approximate location and may then be
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further inserted, pulled back, or re-directed as required by
contrast agent therapy verification process 2000. Control then
proceeds to step 2020.
0146. At step 2020, target confirmation device 26 is
inserted through outer cannula 24 to lesion 620. Target con
firmation device 26 (described in detail above with respect to
FIGS. 3, 3A, 3B, and 14) is selected such that it is visible
under the chosen imaging modality. Control then proceeds to
step 2030.
0147 At step 2030, the selected imaging modality, in con
junction with an appropriate contrast agent, is used to deter
mine whether target confirmation device 26 is in the correct
position. In an embodiment, a nanotechnology contrast agent
is used to emphasize lesion 620 such that a lesion becomes
apparent in the imaging modality chosen. Control then pro
ceeds to step 2040.
0148. At step 2040, the position of target confirmation
device 26, also viewable under the imaging modality, is then
compared with lesion 620 that is emphasized with the con
trast agent. Using the contrast agent and target confirmation
device 26, the position of lesion 620 as well as the position of
target confirmation device 26, are enhanced and may be more
easily determined. If a localizing obturator is correctly posi
tioned, e.g. target confirmation device 26 is centrally located
within lesion 620, then control proceeds to step 2050. Other
wise, control proceeds to step 2010 where outer cannula 24 is
repositioned.
0149. At step 2050, target confirmation device 26 is
removed from outer cannula 24. Control then proceeds to step
2060.

0150. At step 2060, treatment device 100 is inserted
through outer cannula 24 to lesion 620 and therapy is per
formed. For more detail, see FIGS. 9, 15-21, and 35. Control

then proceeds to step 2070.
0151. At step 2070, treatment device 100 may be removed;
see also FIG. 35. Depending upon the type of therapy being
performed and the imaging modality selected, the removal of
the therapy instrument may be required for step 2080. How
ever, Some therapies, such as delivered therapeutics, may not
require removal of the therapy instrument. Control then pro
ceeds to step 2080.
0152. At step 2080, the delivered therapy is verified using
the imaging modality selected; see also FIG. 35. In one
example, cryoablation is verified where the ablated area, that
originally had been highlighted with the contrast agent, is
now a signal Void. In general, and when using a contrast agent
to confirm therapy, an adjuvant therapy destroys tissue at least
one (1) millimeter beyond the resected cavity wall. Thus,
image verified therapy can test to detect whether an adjuvant
treatment has destroyed tissue that contained marking agents
orinking agents. By directly observing the results of therapy,
extent of the ablation, the completeness of treatment may be
determined. In another example where the therapy includes
resection, the extent of resection may be directly determined.
After Substantial resection has taken place, the extent of
resection of the tissues highlighted by the contrast agent can
be visualized to directly determine whether all of the contrast
agent has been removed. In this way, the Surgeon determines
whether more resection is necessary (e.g., if contrast
enhanced regions still exist after resection) or whether the
resection was complete (e.g., where no highlighted regions
still exist at target site 182). Control then proceeds to step
2090.
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0153. At step 2090, a determination is made as to whether
continued therapy is required. If continued therapy is
required, control proceeds to step 2060. Otherwise contrast
agent therapy verification process 2000 ends.
0154 FIG.33 shows a first attempt to position outer can
nula 24 centrally with respect to lesion 620. Using distal end
46 of a localizing obturator, the location of outer cannula 24
relative to lesion 620 is precisely determined. Generally, the
object of positioning outer cannula 24 is to place distal end 38
centrally within lesion 620 such that improved tissue section
and improved delivery of adjuvant therapy is accomplished.
However, a Surgeon may desire distal end 38 in any location
that treatment is desired. In this instance, distal end 38 is

desired to be placed centrally to lesion 620 such that lesion
620 may be debulked or treated.
(O155 The placement of target 48 to lesion 620 in FIG.33
shows a missed placement attempt. This is determined when
lesion 620, outer cannula 24, and target 48' are imaged. When
lesion 620 is missed or the surgeon determines a different
position is necessary, outer cannula 24 is repositioned. For
example, such repositioning may occur as described in detail
above with respect to FIG. 29, step 1020; FIG. 30, step 1120;
FIG. 31, steps 1910-1940; and FIG. 32, steps 2010-2040.
0156 Before target 48' is correctly positioned, e.g., in the
position that treatment is desired, a number of image guid
ance verification steps and Subsequent repositioning of outer
cannula 24 may be required. Where magnetic resonance is
chosen as the imaging modality, the patient is moved inside
the bore to image and moved outside the bore for reposition
ing of outer cannula 24 as well as treatment. The patient may
be subsequently placed back in the bore for further imaging to
confirm location and treatment.

0157 Alternatively, a real-time guidance approach may be
taken when, for example, ultrasound is chosen as the imaging
modality. In this case, the Surgeon sees the placement target
48 while locating outer cannula 24, for example, when distal
end 46 includes features of a stylet Such as a trocar tip.
0158 FIG. 33A shows a portion of FIG. 33 in greater
detail. Target 48' is cross-shaped for easy identification (e.g.,
the cross-shape is quickly recognizable because it is not a
natural anatomical shape). Further, target 48' may be a mate
rial that is recognizable to the imaging modality being used.
Additionally, target 48' may contain a contrast agent that
provides greater response to the imaging modality than nor
mal tissue. This allows the location of target 48 to be quickly
and accurately determined.
0159. Alternatively, target 48" may provide a signal void
when used with certain imaging modalities (e.g., MRI). In
this case, target 48' will appear as a dark cross in the image.
This is helpful for identification purposes when, for example,
lesion 620 has been treated with a contrast agent. Thus, the
identification of target 48 is improved where lesion 620 pro
vides a high response and where target 48' appears as a signal
Void.

0160 Target confirmation device 26 is used in these cases
as a localizing obturator for outer cannula 24. Thus, the pri
mary use of target confirmation device 26 is to confirm ini
tially where resection apparatus 50 or an ablative device (e.g.,
electrode, photonic, and cryogenic ablation) will be placed
relative to lesion 620, when the device is inserted through
outer cannula 24. In other words, the use of target confirma
tion device 26 with an imaging modality confirms that treat
ment will be placed where it is intended. Further, the confir
mation is performed using materials for outer cannula 24.
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target confirmation device 26, and target 48' that are friendly
and usable with a selected imaging modality without distor
tion of artifact that would otherwise reduce the surgeon's
ability to determine the location of target 48' relative to lesion
620.

0161 FIG. 34 shows a center-of-mass placement of target
48". In this case, placement of distal end 38 is confirmed by
using an imaging modality to compare the location of target
48' and lesion 620. Once confirmed, the surgeon removes
target confirmation device 26 from outer cannula 24 and
inserts a therapy device, which may include a resection
device. The confirmed position of outer cannula 24, and thus
distal end 38, allows for precisely positioned therapy at lesion
620. Further, aggressive therapies may be employed because
the position is known and confirmed. Thus, because the posi
tion of outer cannula 24 is confirmed using an imaging modal
ity, it is known that the therapy will employed at lesion 620.
(0162 FIG. 35 shows a partially treated region 630 within
lesion 620. At this stage, therapy has been applied near the
center of lesion 620, resulting in partially treated region 630.
As shown, the therapy device (used to delivery the therapy to
lesion 620) has been removed for clarity. The therapies
employed may include treatment by therapeutic agents,
resection, or other therapies described herein. For detailed
examples of therapy employment at lesion 620, see above
FIGS. 9, 15-21; FIG. 29, step 1060; FIG. 30, step 1030; FIG.
31, step 1960; and FIG. 32, 2060.
0163 Turning now to additional types of therapies, the
methods disclosed herein are applicable to more than just
electrode, photonic, and cryogenic ablation. For example, the
methods disclosed herein may also be used with external
beam high intensity focused ultrasound (HIFU), electropora
tion therapy, ultrasonicporation therapy, and interstitial
microwave therapy. These therapies include the use of radiof
requency electrodes, microwave antennas, laser fiberoptics,
and ultrasound transducers. Each of these therapy modalities
may be provided in a minimally invasive manner.
0164. External beam HIFU therapy includes a specialized
ultrasound probe that is placed near lesion 620. The special
ized ultrasound probe is deployed down outer cannula 24 and
placed near lesion 620. The surgeon then views lesion 620 on
an ultrasound monitor and maps the areas of concern based on
the ultrasound image and possibly through the use of a tar
geted contrast agent. After the trouble regions are located and
identified, the Surgeon uses at high intensity ultrasound beam
that is focused through the specialized ultrasound probe to the
precise areas, e.g. lesion 620, that require treatment. The high
intensity ultrasound beam generates high heat a the focused
area that destroys the tissue in an ablative manner. Moreover,
because the heat from external beam HIFU therapy is trans
mitted directly to the tissue, it is possible also to treat the
tissue directly adjacent to lesion 620, and in this way, create a
margin using the therapy process itself.
0.165. In an alternative treatment, electroporation therapy
is a highly targeted method of delivering therapeutic drugs
and/or compounds directly to cells. A specialized probe, typi
cally having electrodes, is deployed along outer cannula 24 at
lesion 620. By briefly applying an electric field to the cell, a
hole opens in the cell wall temporarily. This temporary open
ing allows therapeutics to enter the cell, and afterwards, the
cell wall closes. The opening and closing of the cell wall
occurs without permanently damaging the cell. However,
after therapy, the therapeutics delivered are now trapped
within the cell and may kill the cell, if desired. This method is
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desirable for the treatment of tumor cells, wherein the tumor

cells are treated with chemotherapeutic drug molecules. The
nature of electroporationallows these drugs to enter the tumor
cell, resulting in enhanced cytotoxic effects.
0166 Alternatively, ultrasonicporation therapy is used
which operates with similar principles to electroporation
therapy, except that the probe uses ultrasonic energy to drive
the therapeutic molecules. The driving effect increases
absorption by the cells. The ultrasound energy also increases
the depth and dispersion to which the therapeutics are deliv
ered in lesion 620.

0.167 Moreover, interstitial microwave therapy may be
deployed down outer cannula 24 for treating lesion 620. The
interstitial microwave therapy device uses antennae to radiate
microwave energy directly at a target site. Moreover, the
interstitial microwave therapy may provide both thermal
treatment (i.e., ablation through heating) as well as radiation
therapy, depending upon the configuration of the probe and
the transmitted frequencies.
0168 FIG. 36 shows a completed region 640. At this
phase, lesion 620 (from FIGS. 33-35) is fully treated, leaving
completed region 640. An important advantage of the therapy
approach described herein is a significant reduction in time to
complete a therapy procedure. Lesion 620 is debulked (e.g.,
resected) to reduce the volume of the tumor. Next, an adjuvant
therapy, Such as one of the therapies listed herein, is applied to
the debulked region to improve the success of the resection
procedure. Generally, these adjuvant therapies would have
been performed in a stand-alone process that consumes Sub
stantially more time than the procedures described herein.
Further, these procedures are often limited in effectiveness
and are very painful. Thus, the methods and apparatuses
described herein reduce the time of the procedure, increase
the effectiveness of adjuvant therapy delivered, and likely
reduce the pain associated with adjuvant therapy at least
because the amount of time and number of visits is reduced.

0169. In addition to the adjuvant treatments described
above, it is also possible to resect tissue for modification and
re-inject the modified tissue as a treatment. For example,
resected tissue may be removed and converted to denatured
protein. FIG. 37 shows a re-injection process 3000 that pro
vides for removal of cancerous tissue, denaturing the protein
contained therein, and re-injecting the protein to stimulate the
body's natural immune response against the cancerous cells.
Re-injection process 3000 begins at step 3010 where tissue is
resected and received by a collection canister (or other suit
able filter or containment apparatus). The process then con
tinues at step 3020.
0170 At step 3020 a specialist denatures the resected tis
Sue. Denaturing typically comprises altering a protein by a
physical or chemical agent to reduce or deactivate its biologi
cal activity. The process then continues at step 3030.
0171 At step 3030 the denatured protein is re-injected into
the patient at the target site. The denatured protein is no longer
cancerous, but is foreign Such that the body's immune system
will respond. In this way, the denatured protein stimulates the
body's immune system at the target site and provides that any
cancerous cells that may be left over in the margin are tar
geted. In Sum, the denatured protein is then re-injected to the
site of resection to trigger an immune response by the
patients’ body that would further attack cancerous cells. Thus,
the cancerous lesion is removed, modified, and replaced as a
type of protein that triggers a natural immune response of the
body that would then attack remaining cancerous cells, if any.

US 2012/0289859 A9

This type of adjuvant treatment would further localize treat
ment to the location(s) that are most in need. Thus, whole
body treatments such as chemotherapy and radiation to
destroy cancer cells would be reduced. Re-injection process
3000 then ends.

(0172. With respect to FIGS.38-51, brachytherapy is intro
duced as an adjuvant treatment to ensure a margin is created
after tissue resection. Moreover, the brachytherapy discussed
herein may also be used with other adjuvant treatments (such
as (resecting tissue, ablating tissue, heating tissue, freezing
tissue, applying chemicals to tissue, external beam HIFU
therapy, interstitial HIFU therapy, electroporation therapy,
ultrasonicporation therapy, and interstitial microwave
therapy, described herein). Additionally, the method that
brachytherapy is delivered to a cavity may also be used in
conjunction with a tissue marker where the delivery vessel
(e.g., a radioactive seed) may also be used as a tissue marker.
0173 FIG. 38 shows placement of a localized treatment
seed 702 (e.g., brachytherapy) at target site 640. In general,
treatment seed 702 is placed at target site 640 after tissue is
resected. Thus, using the apparatuses and processes described
herein, a cavity is formed. Treatment seed 702 is placed in the
cavity after tissue resection to provide additional therapy
directly at target site 640. In so doing, treatment seed 702
provides a high-dose of radiation, for example, to the Sur
rounding margin 704 at the inner periphery of target site 640.
Because treatment seed 702 is placed directly at target site
640, the majority of radiation is directed to the margin 704
rather than broadly exposing the surrounding healthy tissue.
0.174 Treatment seed 702 may be, for example, solid,
sintered, or constructed as a binder material holding a radio
active agent. Alternatively, seed 702 may be a plastic seed that
has been coated with a radioactive substance. Seed 702 may
also have a powder glued to the surface to provide the treat
ment. Moreover, seed 702 may perform dual roles as a site
marker that includes treatment material (e.g., radioactive
material) to provide treatment at site 640.
(0175 FIG. 39 shows treatment from treatment seed 702
penetrating tissue 610 to a treatment region 710. Treatment
seed 702 is, for example, a pellet containing a predetermined
amount of I-125. Those skilled in the art will appreciate that
the dose in time and the level of radioactivity of seed 702 is
adjustable depending upon the radioactive source material
and mass of said material included in seed 702. As FIG. 39

shows, seed 702 provides radiation (not shown) through tis
sue 610 to a predetermined depth 712. By providing the
radiation directly to the tissue 610 surrounding target site 640,
a margin 704 of target site 640 is treated. There is a greater
chance that if cancer cells were to remain about margin 704,
that the interstitial brachytherapy would apply treatment
directly to the remaining cancerous cells and destroy them.
Treatment region 710 generally follows the inner surface of
target site 640 to predetermined depth 712.
0176 FIG. 40 shows placement of multiple treatment
seeds 702a, 702b, 702c, 702d at the inner periphery of target
site 640. Multiple seeds 702a-702d provide an option for
interstitial brachytherapy to add seeds having different prop
erties, e.g. radioactivity, material, dose, etc. In so doing, for
example, seed 702a may include a radioactive source that
provides greater penetration into the tissue 610. Whereas,
seed 702b may provide a longer-term dose, i.e. a longer time
of release. Thus, each seed 702a-702d may be tailored to a
specific goal of the interstitial brachytherapy such that each
seed 702a-702d may have properties allowing a plurality of
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predetermined treatment therapy goals. Seeds 702a-702d are
generally placed around the inside perimeter of targets site
640.

0177 FIG. 41 shows treatment penetrating tissue 610
including multiple localized treatment seeds 702a-702d. In
contrast to the single-seed embodiment of FIG. 39, depth of
penetration is somewhat uneven as the depths of radiation
penetration into tissue 610 are more pronounced near each of
seeds 702a-702d. Eventually the radioactive treatment ends
due to the dying-off of radioactivity from seeds 702a-702d.
However, where seeds 702a-702d are made from a lasting
material, for example permanent site markers, seeds 702a
702d remain to be used for identification of target site 640 in
the future.

0.178 FIG. 42 shows an anchored localized treatment seed
720 within a patient. Rather than a free-floating treatment
seed (shown in the preceding embodiments with respect to
FIGS. 39-41), seed 720 is anchored to the patient tissue 610
such that seed 720 can be placed in a specific location at target
site 640 and may maintain that positioning to provide inter
stitial brachytherapy. Anchored seed 720 includes a shaft 722
projecting from the main body of seed 720 and includes barbs
724, 724,724" that are placed along a shaft. When shaft 722
is plunged within tissue 610, barbs 724,724', 724" prevent, or
at least substantially reduce the possibility of, seed 720 mov
ing location at target site 640. In this way, seed 720 may be
advantageously placed at target site 640 to provide interstitial
brachytherapy to a specific location at target site 640.
(0179 Moreover, multiple anchored seeds 720 may be
positively located at the periphery of target site 640 to provide
highly selective location of the therapy. Anchored seed 720
may be end-deployed from a cannula using a pushrod such as
is described below in detail with respect to FIGS. 46 and 47.
However, anchored seed 720 may also be deployed in a side
deployment configuration wherein the pushrod holds seed
720 for applying pressure against the interior wall of target
site 640 for fixing attachment. In such a delivery embodiment,
a pushrod may hold seed 720 with a predetermined mount of
force and release seed 720 when pulled away. In this way,
seed 720 would be held while plunging barbs 724 into tissue
640 and release once placed.
0180 Referring now to FIGS. 43 A-43B, cross-sections of
a generally cylindrical seed 730 are shown. Seed 730 may be
used for the brachytherapy methods disclosed herein and
comprises a generally cylindrical body having radioactive
particles or granules 732 held together in a binder 734. Gran
ules 732 are typically chosen as rich in I-125 as a radioactive
source in interstitial brachytherapy. However, other advanta
geous materials may be used for granules 732. Moreover, the
size and number of granules 732 may be adjusted accordingly
to provide a desirable dose of radiation. Binder 734 may be a
polymeric binding Substance or other Substance that is gen
erally impervious. In an alternative embodiment, binder 734
may be biosorbable allowing for granules 732 to be placed at
target site 640 (described above) and then essentially released
from binder 734 when binder 734 is absorbed by the body.
0181 FIG. 43C shows a cross-section of a generally
spherical seed 740 having granules 742. In contrast to the
embodiment of FIGS. 43A-B, seed 740 is configured with
granules 742 being generally evenly spaced apart within body
744. In so doing, the radiation pattern emanating from seed
740 is also evenly distributed.
0182 FIG. 44 shows a caged seed 750. In this embodi
ment, a radioactive seed 88 is housed within a meshed body
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portion 752. Caged seed 750 may also used as a site marker
for imaging under multiple modalities. Site markers and
deployment devices are described in detail in U.S. patent
application Ser. No. 1 1/242,334, filed Oct. 3, 2005, to
Michael E. Miller, et al., entitled “Site Marker Visible Under

Multiple Modalities, the contents of which are incorporated
by reference in their entirety. Caged seed 80 may be con
structed of a foam-like material. The foam-like material may
be a carbon filled polymer or a glass filled polymer so as to be
visible under multiple modalities. In addition, the foam-like
material may contain therapeutic materials to deliver medi
cation to the biopsy site. One exemplary material for con
struction of caged seed 750 is a thrombin filled polymer. The
foam-like material acts as a matrix for tissue ingrowths.
0183 FIG. 45 shows a caged seed 760 wherein a cage 752
includes barbs 768 such that the cage and seed do not move
once deployed. An outside surface 764 of a meshed body
portion 762 is provided with one or more barbs 768 disposed
thereon. Barbs 768 assist in adhering therapeutic marker 760
to internal walls of the biopsy cavity such as target site 640
(described above). Barbs 768 are configured so as to extend at
a predetermined angle relative to outside surface 764. In one
specific embodiment, barbs 768 are configured to extend
perpendicular to outside surface 764. In another embodiment,
barbs 768 are positioned at different angles relative to one
another, including opposing one another.
0184 FIG. 46 shows a compressed foam treatment 802
being delivered to target site 640. Foam treatment 802 is
delivered through a cannula 806 using a pushrod 804 to push
foam treatment 802 through cannula 806 to target site 640. As
discussed in detail below with respect to FIGS. 47-48, foam
treatment 802 is delivered in a compressed state and ulti
mately expands to substantially fill target site 640. Foam
treatment 802 is a foam-based medium that is treated with a

therapeutic Substance. The therapeutic Substance may be a
powdered radioactive material or a coating of radioactive
material for providing interstitial brachytherapy. However,
the therapeutic material may also be a drug, or a combination
of a drug and a radioactive material.
0185. The foam-based medium is a biosorbable material,
for example, collagen based or a polyglycolic acid. Once
delivered to target site 640, the biosorbable material slowly
dissolves and is absorbed by the body. Moreover, the material
absorbs moisture from the body in order to expand to a larger
volume (as shown in FIG. 48). In an alternative embodiment,
the foam material may be a non-biosorbable material that is
compatible for permanent placement in the body.
0186 FIG.47 shows foam treatment 802 at target site 640.
Once pushrod 804 is extended beyond a distal end 805 of
cannula 806, foam treatment 802 is delivered to target site 640
which is typically a cavity created by resecting tissue. Foam
treatment 802, and the therapeutic agent, may now react with
the tissue Surrounding target site 640.
0187 FIG. 48 shows an expanded foam treatment 802a in
an expanded state and substantially filling target site 640. The
nature of the foam-like material of foam treatment 802a may
expand naturally, may be triggered for expansion by body
heat, may react with moisture attarget site 640, or may absorb
moisture at target site 640 to expand. Foam treatment 802a
expands to fill a larger volume than when in the delivery state
shown in FIGS. 46-47. As shown in FIG. 48, foam treatment

802a substantially fills the volume of target site 640. In an
alternative embodiment, foam treatment 802a may expand to
fill target site 640 entirely such that foam treatment enlarges
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target site 640 (e.g., pushes against the walls of target site
640) and is in pressing contact with the interior surface of
target site 640 to provide treatment that requires contact with
tissue. In the expanded state, foam treatment 802a is also
visible under multiple imaging modalities to ensure proper
placement, expansion, and later location of target site 640.
Although the foam-like material may be biosorbable, for at
least a time the foam-like Substance remains and is identifi

able using multiple imaging modalities.
0188 FIG. 49 shows treatment penetrating the surround
ing tissue of target site 640 where foam treatment 802a is in
an expanded configuration. The treatment penetrates to a
depth 822 of the surrounding tissue in a substantially uniform
manner. In an embodiment, the treatment penetration is radia
tion from radioactive materials coated or infused to foam

treatment 802a. In another embodiment, the treatment pen
etration is due to a pharmaceutical or drug penetration deliv
ered by foam treatment 802a. In yet another embodiment, the
treatment penetration is both a radiation and a pharmaceuti
cal. Because foam treatment 802a substantially fills target site
640, the treatment is generally uniform in the tissue in con
trast to the less uniform treatment distribution using multiple
Seeds 702a-702d of FIG. 40.

(0189 FIG. 50 shows a deployment device 840 and place
ment of a treatment seed at the debulked target site 640. In
contrast to the end-deployment of FIGS. 46 and 47, deploy
ment of seed 702 is performed in this embodiment through a
side port 844. A pushrod (not shown) may deploy 842 down
the cannula of deployment device 840 and out port 844.
Deployment methods, apparatuses, and others, are described
in detail in U.S. patent application Ser. No. 1 1/305,141, filed
Dec. 16, 2005, to Terry D. Hardin, et al., entitled “Biopsy Site
Marker Deployment Device.” the contents of which are incor
porated by reference in their entirety.
(0190. Side port 844 may be selectively rotated 850 to
provide an orientation relative to the inner periphery of target
site 640 for targeted deployment. That is, as shown in FIG.50,
seed 720 is deployed generally to the top portion of target site
640. However, a user may rotate 850 deployment device 840
such that side port 844 would deploy seed 702 to the bottom
portion of target site 640. In this way, the user may selectively
position side port 844 for the deployment of seeds 702 in
target site 640.
0191 FIG. 51 shows a flow diagram of deployment and
placement method 4000 of one or multiple treatment seeds
702, and other treatment mechanisms described herein, at the

debulked target site 640. Deployment and placement method
4000 in general provides that a cavity is created and brachy
therapy implants (e.g., seeds 702, and foam 802) are placed
within target site 640 at a desired location. Deployment and
placement method 4000 begins at step 4010 where tissue is
resected from target site 640. In this step, tissue is debulked in
gross to remove, for example, Suspected cancerous tissue.
Other adjuvant therapies, such as those described herein, may
be used once resection is complete. Moreover, methods of
testing for removal of a margin may also be used, such as the
inking method described herein. Once debulking and adju
vant therapy are complete, control proceeds to step 4020.
0.192 At step 4020, a brachytherapy deployment tool is
inserted to target site 640. In some instances, such as where
end-deployment is preferred, the outer cannula of the resec
tion device may be used as a deployment tool. (See FIGS. 46
and 47). Alternatively, the introducer cannula used for the
resection device may be used for end-deployment. Other
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wise, a side-deployment tool (see FIG.50) may be inserted in
preparation of deployment of a brachytherapy seed or foam.
Once the deployment tool is inserted, control proceeds to step
4030.

(0193 At step 4030, rotation of the deployment tool is
performed Such that the deployment opening (see side port
844 of FIG. 50) is positioned in a location for deployment.
The positioning of the deployment opening will determine
where the brachytherapy seed (e.g., seed 702) will be posi
tioned once deployed. Thus, the side opening is rotated to
align with the intended location of delivery. Rotation of the
deployment tool is not required or preferred when end-de
ployment is used.
0194 Where multiple brachytherapy seeds are deployed
(see step 4050 below), rotation is preferred at least such that
brachytherapy seeds are deployed at different positions
within target site 640. For example, where four seeds are to be
deployed (see FIG. 41 above), then the deployment tool
should be rotated ninety degrees (90°) with the deployment of
each seed to position the seeds spacedly within target site 640.
Additionally, when a barbed device for maintaining position
within cavity 640 is used (see caged seed 760 FIG. 45 above)
the deployment opening (see side port 844 of FIG. 50) is of
importance because the orientation of the opening will con
trol where the seed is deposited and will substantially remain
in that position. Control then proceeds to step 4040.
0.195 At step 4040, the brachytherapy implant is
deployed. For example, a pushrod is moved distally through
the deployment device to push the brachytherapy implant
distally for end or side deployment. Control proceeds to step
40SO.

(0196. At step 4050, the user determines whether or not to
deploy more (or multiple) implants. For example, a single
seed 702 is deployed in FIGS. 38. Alternatively, multiple
seeds 702a-702d are shown deployed in FIG. 40. Moreover,
where a foam-type brachytherapy delivery is used, only a
single foam treatment 802 is deployed (see FIGS. 46 and 47).
However, where treatment site 640 is a large cavity (e.g.,
having a large Volume), multiple foam treatments 802 may be
deployed to fill the cavity if a single foam treatment 802
would not sufficiently fill the volume when expanded. If the
user decides more implants should be deployed, control pro
ceeds to step 4030. If no more implants are desired to be
deployed, control proceeds to step 4060.
0.197 At step 4060, the deployment procedure is finalized
by removing the deployment device from the patient. Deploy
ment and placement method 4000 then ends.
(0198 Referring to FIG.52A-52C, in one embodiment, an
interstitial balloon type brachytherapy device 1210 may be
used to deliver treatment to a treatment site. Examples of such
brachytherapy devices 1210 may be found in U.S. Pat. Nos.
5,913,813; 6,413,204; and 6,482,142; the contents of which

are incorporated herein by reference in their entirety.
(0199. In one embodiment, brachytherapy device 1210
includes a tubular body 1212 that includes first and second
lumens 1214, 1216 that extend from proximal ports 1218 and
1220 in a hub member 1222. First lumen 1214 is configured
to carry a radioactive source (to be explained in further detail
below) and second lumen 1216 communicates with an infla
tion port 1224 formed through a side wall of tubular body
1212. Attached to tubular body 1212 proximate a distal end
1228 thereof is a spatial volume 2034 defined by an outer
polymeric film barrier 1236. Volume 2034 encompasses
inflation port 1224. In an alternative arrangement, Volume
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2034 may be defined by an expandable cage formed from a
shape memory material. Such as initinol or expandable poly
ethylene.
0200. In one exemplary embodiment, a radiation source
1224 comprises a wire 1234 having one or more radioactive
particles 1236 located thereon. Radioactive source 1224 may
be either preloaded into brachytherapy device 1210 at the
time of manufacture, or loaded into brachytherapy device
1210 after device 1210 is positioned at a treatment site. If
loaded after positioned at a treatment site, radioactive par
ticles 1236 may be inserted through lumen 1214 on wire
1234, for example using an afterloader (not shown).
0201 FIG. 53 shows a flow diagram of a treatment opera
tion 1300 at a debulked target site using brachytherapy device
1210. Treatment operation 1300 begins at step 1310 where
tissue is resected from target site 640. In this step, tissue is
debulked in gross to remove, for example, Suspected cancer
ous tissue. Other adjuvant therapies, such as those described
herein, may be used once resection is complete. Moreover,
methods of testing for removal of a margin may also be used,
Such as the inking method described herein. Once debulking
and adjuvant therapy are complete, control proceeds to step
132O.

(0202 At step 1320, brachytherapy device 1210 is inserted
to target site 640. In some instances, an introducer cannula
used for delivering the resection device may be used to aid in
positioning brachytherapy device 1210. In such an arrange
ment, the introducer cannula may be provided so as to peel
away or break away from brachytherapy device 1210 once
inserted into the patient at target site 640. In another alterna
tive, a guide wire may be provided that is threaded to target
site 640. Brachytherapy device 1210 is positioned on the
guide wire and slid along the guide wire until brachytherapy
device 1210 reaches the target site 640. In one other embodi
ment, brachytherapy device 1210 is inserted into an incision
created by a trocar or stylet device, after the resection device
and the introducer cannula have been removed from the
patient.
0203 When positioned at target site 640, a portion of
brachytherapy device 1210 is positioned outward of the body,
so as to provide access to ports 1218 and 1220. Once the
brachytherapy device 1210 is inserted, control proceeds to
step 1330.
(0204 At step 1330, volume 2034 of brachytherapy device
1210 is created to fit snugly within the cavity during the
resection process. In one embodiment, creation of Volume
2034 is accomplished by delivering a fluid such as air, water
or saline solution, through second lumen 1216 to inflation
port 1224 so as to expand barrier 1236. In another embodi
ment, Volume 2034 is created by expanding a cage created by
memory material. Once volume 2034 is created, the control
proceeds to step 1340.
0205 At step 1340, images of treatment site 640 are taken
with volume 2034 created to determine the amount of radia

tion treatment required. Once the amount of radiation treat
ment is ascertained, the control proceeds to step 1350.
0206. At step 1350, radiation source 1224 is then inserted
into brachytherapy device. In one exemplary arrangement,
radiation Source 1224 comprises a wire 1234 having one or
more radioactive particles 1236 located thereon. Wire 1234 is
inserted through lumen 1214, for example using an after
loader (not shown), until particles 1236 are delivered so as to
be positioned within volume 2034. Particles 1236 remain
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positioned within volume 2034 for a predetermined time so as
to apply treatment to the target site. Once complete, the con

trol proceeds to step 1360.

0207. At step 1360, particles 1236 are removed from tar
get site 640. For example, wire 1234, which carries particles
1236, is retracted from brachytherapy device 1210. The con
trol then proceeds to step 1370.
0208. At step 1370, after a predetermined time period has
passed, for example, approximately 24 hours, the user deter
mines whether or not additional therapy is required. If the
user decides additional therapy is required, control proceeds
to step 1350, as the brachytherapy device 1210 is still posi
tioned at target site 640, with volume 2034 created. If no more
therapy is required, control proceeds to step 1380.
0209. At step 1380, once it has been determined that
therapy is complete, volume 2034 is deflated and brachy
therapy device 1210 is removed from target site 640. In one
embodiment, a vacuum is applied to lumen 1216 to collapse
volume 2034 prior to removal of brachytherapy device 1210.
Once brachytherapy device 1210 is removed, treatment
operation 1300 ends.
0210. The present disclosure has been particularly shown
and described with reference to the foregoing embodiments.
which are merely illustrative of the best modes for carrying
out the disclosure. It should be understood by those skilled in
the art that various alternatives to the embodiments of the
disclosure described herein may be employed in practicing
the disclosure without departing from the spirit and scope of
the disclosure as defined in the following claims. It is intended
that the following claims define the scope of the disclosure
and that the method and apparatus within the scope of these
claims and their equivalents be covered thereby. This descrip
tion of the disclosure should be understood to include all
novel and non-obvious combinations of elements described

herein, and claims may be presented in this or a later appli
cation to any novel and non-obvious combination of these
elements. Moreover, the foregoing embodiments are illustra
tive, and no single feature or element is essential to all pos
sible combinations that may be claimed in this or a later
application.

What is claimed is:

1. A system for treating a target site, comprising:
an introducer cannula having a lumen;

a resecting device selectively insertable within the intro
ducer cannula, wherein the resecting device operates to
create a cavity at the target site; and
an adjuvant treatment device that is selectively positioned
within the introducer cannula after the resecting device
is removed from the introducer cannula to deliver an
adjuvant treatment to the target site.
2. The system of claim 1, further comprising a vacuum
device operatively connected to the resecting device.
3. The system of claim 2, wherein the vacuum device is
configured to deliver vacuum through the resecting device to
the target site to aspirate the target site after resection thereof.
4. The system of claim 1, wherein the adjuvant treatment
device is a brachytherapy device.
5. The system of claim 4, wherein the brachytherapy device
includes a tubular body having a selectively expandable Vol
ume attached to a portion thereof, and a radiation source that
may be selectively inserted into the expandable Volume.
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6. The system of claim 5, wherein the introducer cannula is
configured to be selectively opened along its length such that
the brachytherapy device may be delivered to the cavity
through the introducer cannula and the introducer cannula
may be peeled apart to remove the introducer cannula from
the brachytherapy device once positioned at the cavity.
7. The system of claim 5, further comprising a guide wire
onto which the brachytherapy device may be mounted on to
deliver the brachytherapy device to the cavity.
8. The system of claim 1, further comprising a site marker
delivery device for delivering one or more site markers into
the cavity.
9. A method for treating a target site, comprising:
creating a pathway to a target site;
inserting a resecting device through the pathway and into
the target site;
resecting tissue to form a cavity defined by surrounding
tissue; and
applying an adjuvant therapy to the surrounding tissue.
10. The method of claim 9, further comprising:
removing the resecting device from the cavity;
inserting a site marker delivery device through the pathway
into the cavity; and
deploying a site marker into the cavity.
11. The method of claim 10, further comprising aspirating
the cavity prior to deploying a site marker into the cavity.
12. The method of claim 11, wherein aspirating the cavity
is performed by delivering vacuum to the cavity through the
resection device prior to removing the resection device from
the cavity.
13. The method of claim 11, wherein aspirating the cavity
is performed by delivering vacuum to the cavity through the
introducer cannula.

14. The method of claim 11, wherein aspirating the cavity
is performed by inserting an aspiration wand into the cavity
after removal of the resecting device and prior to insertion of
the site marker delivery device.
15. The method of claim 9, wherein application of adjuvant
therapy includes insertion of a brachytherapy device into the
cavity.
16. The method of claim 15, further comprising expanding

a volume of the brachytherapy device in the cavity and selec
tively inserting a radiation source within the Volume.
17. The method of claim 16, further comprising selectively
removing the radiation source from the Volume for a prede
termined time period, while keeping the Volume in an
expanded configuration within the cavity and re-inserting the
radiation source.

18. The method of claim 15, further comprising delivering
the brachytherapy device into the cavity through the intro
ducer cannula.

19. The method of claim 18, further comprising peeling the
introducer cannula away from the brachytherapy device after
the brachytherapy device is positioned within the cavity.
20. The method of claim 19, further comprising:
mounting the brachytherapy device on a guide wire;
delivering the guide wire to the cavity;
sliding the brachytherapy device along the guide wire to
the cavity; and
removing the guide wire from the cavity and brachytherapy
device.

