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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to de-
vices and methods for cutting soft tissue. More specifi-
cally, devices and methods for a minimally invasive pro-
cedure for cutting or excising a volume of soft tissue such
as a biopsy or a therapeutic excision of cancer are dis-
closed.

2. Description of Related Art

[0002] Minimally invasive procedures have instigated
aneed forrefinementin surgical devices that can function
within confined spaces, particularly in soft tissue, such
as breast tissue. Devices that are typically used during
open surgical procedures (i.e., scalpel, scissors, electro-
surgical "pencil" electrode) are often not adaptable for
use in a minimally invasive procedure. In addition, the
actual procedure cannot be directly visualized as the skin
incision is typically just large enough to insert the device.
Minimally invasive procedures are often guided by med-
ical imaging or by video camera as is often used in lapar-
oscopy. In the breast, mammography, ultrasound and
magnetic resonance imaging (MRI) are used to guide
minimally invasive procedures. Current devices that use
an oscillating sharp edge or radio frequency energy to
cut the tissue retrieve a specimen of fixed volume and
are not adaptable to excise lesions of different sizes or
include extensions of the lesion or disease process in
the excision. In particular, breast cancer often extends
towards the nipple within a milk duct or towards the skin
in Cooper’s ligament in addition to growing outward in a
radial direction. Current minimally invasive devices are
designed to excise a mass and are not adaptable for
excision of an associated diseased duct or Cooper’s lig-
ament. Leaving cancer behind in the duct or in Cooper’s
ligament increases the risk of local recurrence despite
the administration of post operative radiation therapy.

[0003] Open surgical biopsy removes lesions of vari-
able size and may include extensions of the lesion but
often an excessive amount of normal breast tissue is in-
cluded in the specimen leading to a poor cosmetic result.
In addition, open surgical biopsy typically requires a sig-
nificant skin incision resulting in a longer, permanent
scar. More importantly, a diseased duct and/or disease
in Cooper’s ligament are not detectable either by direct
vision or by palpation during an open surgical procedure.
The main cancerous mass may be excised, but a dis-
eased duct filled with cancerous cells and/or diseased
Cooper’s ligamentis often not appreciated during the pro-
cedure and unintentionally not included in the incision.

[0004] Axial ductal ultrasound is a method of ultra-
sound scanning of the breast that demonstrates the in-
ternal anatomy of the breast. In particular, the ducts and
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lobes of the breast are identified resulting in visualization
of not only a lesion, but also diseased duct(s) and exten-
sion into Cooper’s ligament. Multifocal cancers or addi-
tional cancers associated with the diseased duct may
also be visualized. Therefore, the entire disease process
(i.e. the lesion and extensions of the lesion within the
breast) is visualized and can be removed under direct,
real-time-ultrasound guidance.

[0005] Accordingly, there is a need for a device and
method for a minimally invasive procedure that excises
lesions of variable size within a volume of tissue from a
breast or other soft tissue. More specifically, there is a
need for adevice and method to excise adisease process
within a breast that includes not only the main focus of
the disease (i.e., a lesion or a mass) but also the duct or
ducts that are also affected and any other anatomic ex-
tension of the disease process (e.g. growth into Cooper’s
ligament). Preferably, the procedure is guided using
medical imaging.

[0006] U.S. 2002/0072688 A1 (SenoRx) discloses a
breast biopsy system wherein pair of a longitudinal slots
is disposed at the distal end of a device from which a
cutting loop may be extended, the plane of said loop be-
ing variable relative to the longitudinal axis of the device.
Two embodiments are described. In the firstembodiment
(Figures 1 to 3) a cutting element 20, retracted within a
sheath 30 in a penetrating configuration, extends radially
outward and generally parallel to a probe axis in a cutting
configuration. In the second embodiment (Figures 17 to
19) a cutting element 20a, held close to a cannula 18a
in a penetrating configuration, freely extends out of a slot
66 in the cannula 18a in a deployed cutting position.

SUMMARY OF THE INVENTION

[0007] According tothe presentinvention, there is pro-
vided atissue cutting device as setoutin claim 1. Devices
for a minimally invasive procedure for cutting or excising
a volume of soft tissue such as a biopsy or a theurapeutic
excision of cancer are disclosed. It should be appreciated
that the present invention can be implemented in numer-
ous ways, including an apparatus, a system, or a device.
An inventive embodiment of the present invention is de-
scribed below. cutting loop exit being at an exit angle
relative to the probe axis, the exits being at a distal region
of the probe; a cutting loop with shape memory having a
preconfigured shape, the cutting loop being selectively
in one of a penetrating configuration configured for the
cutting device to penetrate tissue and a cutting configu-
ration configured for the cutting loop to cut tissue, the
cutting loop being generally within a profile of the probe
in the penetrating configuration, and when in the cutting
configuration, the cutting loop extends through the cutting
loop exits and generally returns to the preconfigured
shape to define a cutting configuration plane which is at
acutting angle (0) relative to the probe axis; and, a cutting
loop securing mechanism configured to selectively se-
cure the cutting loop in the penetrating configuration and
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to release the cutting loop into the cutting configuration,
the cutting loop securing mechanism being either slidably
disposed relative to the probe or being a groove defined
in the probe proximal to the cutting loop exits. The angle
(0) of the cutting configuration plane is determined by the
angle of the cutting loop exits relative to the probe axis.
[0008] These and other features and advantages of
the present invention will be presented in more detail in
the following detailed description and the accompanying
figures which illustrate by way of example principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The presentinvention will be readily understood
by the following detailed description in conjunction with
the accompanying drawings, wherein like reference nu-
merals designate like structural elements.

FIGS. 1A and 1B are perspective side views of an
exemplary embodiment of a cutting device with a
bendable loop in a penetrating and a cutting config-
uration, respectively.

FIGS. 1C and 1D are cross-sectional views of alter-
native embodiments of the cutting device.

FIGS. 2A and 2B are perspective views of alternative
exemplary embodiments of the cutting device with a
bendable loop.

FIGS. 3A-3F are perspective views of further alter-
native exemplary embodiments of the cutting device
with a bendable loop.

FIGS. 4A and 4B are perspective views illustrating
exemplary configurations of the loop in the cutting
configuration.

FIG. 5is a perspective view of yet another alternative
exemplary embodiment of the cutting device with a
bendable loop.

FIG. 6is a perspective view illustrating an exemplary
configuration of an imaging device incorporated into
the probe.

FIGS. 7A and 7B are perspective views of an alter-
native cutting device with a bendable loop.

FIGS. 8A-8D are schematics illustrating the cutting
device used in conjunction with an imaging device
to cut a volume of soft tissue.

FIG. 9 is a flowchart illustrating an imaging and cut-
ting process employing the bendable cutting device.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0010] Devices for a minimally invasive procedure for
cutting or excising a volume of soft tissue such as a biopsy
or a therapeutic excision of cancer are disclosed. The
following description is presented to enable any person
skilled in the art to make and use the invention. Descrip-
tions of specific embodiments and applications are pro-
vided only as examples and various modifications will be
readily apparent to those skilled in the art. The general
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principles defined herein may be applied to other embod-
iments and applications without departing from the spirit
and scope of the invention. Thus, the present invention
is to be accorded the widest scope encompassing nu-
merous alternatives, modifications and equivalents con-
sistent with the principles and features disclosed herein.
For purpose of clarity, details relating to technical mate-
rial that is known in the technical fields related to the
invention have not been described in detail so as not to
unnecessarily obscure the present invention.

[0011] FIGS. 1A and 1B are perspective views of an
exemplary embodiment of a cutting device 100 with a
bendable loop 34 in aretracted and an extended position,
respectively. As shown in FIG. 1A, the cutting device 100
generally comprises a probe 20 and a handle 40. The
probe 20 defines a probe axis 28 between a proximal
end 24 and a distal end 22. Loop channels 26, contained
within the probe 20 and generally aligned along the probe
axis 28, terminate at angled exits 44 located at or near
the distal end 22. Prior to terminating at the angled exits
44, the loop channels 26 change alignment from being
one of generally aligned with the probe axis 28, to being
one of at an angle relative to the probe axis 28. The loop
channels 26 may contain an electrode 30. The electrode
30 terminates in electrode ends 32 in the proximal end
24 or the handle 40, as shown in FIG. 1A. The electrode
30 extends out of the cutting device 100 at the angled
exits 44 such that the electrode 30 between the angled
exits 44 creates the bendable loop 34.

[0012] In cross-sectional views of alternative embodi-
ments illustrated in FIGS.1C and 1D, extension of the
loop 34 out of the angled exits 44 defines a loop height
46. A loop width 48 is determined by an angle 3 between
the angled exits 44. Preferably the angle B is predeter-
mined although the angle  may be variable. As shown
in FIG. 1C the angle B defines a loop width 48 that is
larger than the loop width 48 in the alternative embodi-
mentillustrated in FIG. 1D. In yet another alternative (not
shown) at least one of the loop channels 26 is a rotatable
tube that terminates at the angled exit 44. Rotating one
or more rotatable tubes varies the angle B which varies
the loop width 48.

[0013] The probe 20 and handle 40 may be configured
from any number of materials including metals, metal al-
loys, ceramics and/or plastics. The probe 20 and handle
40 may be configured as a single unit or as one or more
separate units that are fastened together. Preferably the
electrode 30 is made from a nickel titanium alloy (nitinol)
with shape memory or superelastic property although any
other suitable metal or metal alloy with shape memory
or superelastic properties may be employed.

[0014] FIG. 1B illustrates the loop 34 in a cutting con-
figuration. At least one of the angled exits 44 and/or the
shape memory properties of the electrode 30 (e.g., niti-
nol) facilitate in configuring the loop 34 to the cutting con-
figuration. The angled exits 44 determine a loop axis 36
defined by the loop 34 relative to the probe axis 28. A
loop angle 6 is defined between the probe axis 28 and
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the loop axis 36. The loop 34 assumes the cutting con-
figuration when the loop 34 is at least partially extended
through the angled exits 44. Preferably, the angled exits
44 configure the loop 34 such that the loop angle 6 is
generally 90 degrees although the loop angle 6 may be
less than or greater than 90 degrees as in the embodi-
ments illustrated in FIGS. 4A and 4B, for example. In
one exemplary embodiment, the angled exits 44 may be
configured such that the loop angle 0 is greater than 90
degrees, as illustrated in FIG. 4A. In an alternative em-
bodiment, the angled exits 44 may be configured such
thatthe loop angle 6 is less than 90 degrees, as illustrated
in FIG. 4B.

[0015] Inan alternative (not shown), the loop 34 is pre-
formed to a predetermined cutting configuration prefer-
ably before the electrode 30 is assembled into the cutting
device 100. The process of preforming a loop to the pre-
determined configuration is well known to those skilled
inthe art. In particular, the electrode 30 can be positioned
and maintained such that the loop 34 is in the predeter-
mined cutting configuration and heated to a specified
temperature for a predetermined length of time followed
by rapid cooling. The temperature and length of time may
be varied according to the type of material used for the
electrode 30. Preferably the loop 34 is preformed such
that the loop angle 6 is approximately 90 degrees.
[0016] Referring back to FIG. 1A, the loop 34 is shown
in a penetrating configuration where the loop 34 is posi-
tioned such that the loop angle 6 is approximately 180
degrees. A groove 38 located at or near the distal end
22 of the probe 20 holds the loop 34 in the penetrating
configuration. The loop 34, which is in the cutting config-
uration when at least partially extended (as shown in FIG.
1B), may be manually or mechanically positioned into
the penetrating configuration. Preferably the electrode
30 is made of a material having superelastic properties
(e.g., nitinol) to allow the loop 34 to be positioned into
the penetrating configuration without creating a perma-
nentkink or distortion in the electrode 30. The penetrating
configuration is maintained by placement of the loop 34
into the groove 38, followed by slight retraction of the
loop 34. The slight retraction keeps the loop 34 tightly
held within the groove 38. In an alternative (not shown),
aloop locking mechanism may be provided on the handle
40 to secure the loop 34 in the penetrating configuration.
A loop controller 42 located on the handle 40 controls
extension and retraction of the loop 34. Maintaining the
loop 34 in the penetrating configuration enhances inser-
tion of the probe 20 into soft tissue by creating a more
linear profile to the probe 20. Keeping the partially ex-
tended loop 34 external to the probe 20 and held within
the groove 38 allows for a smaller diameter probe 20. In
an alternative (not shown), the loop 34 may be manually
or mechanically positioned by the methods described
herein such that the loop 34 is angled proximal to the
angled exits 44 to assume an alternative penetrating con-
figuration.

[0017] In an alternative embodiment illustrated in FIG.

10

15

20

25

30

35

40

45

50

55

3E, the loop 34 is further retracted into the probe 20 such
that only a minimum length of the loop 34 is outside of
the probe 20 as determined by the distance between the
angled exits 44. Preferably the distance between the an-
gled exits 44 is of sufficient length to prevent a kink or
permanent deformity in the loop 34 when the loop 34 is
retracted. In a further alternative illustrated in FIG. 3F,
the probe 20 defines a groove 56 near the angled exits
44. The loop 34 (not shown) is positioned in the groove
56 whentheloop 34 isretracted. In yet further alternatives
(not shown), the retracted loop 34 may be positioned in
a partial groove or in an opening in the probe.

[0018] Referring back to FIG. 1B, the loop 34 is further
extended by the loop controller 42 and is in a cutting
configuration. Further extension of the loop 34 increases
the size of and releases the loop 34 from the groove 38
which allows the loop 34 to move to the cutting configu-
ration. The change in the loop angle 6 when the loop 34
moves from the penetrating configuration to the cutting
configuration is preferably facilitated by the superelastic
properties of the metal or metal alloy of the electrode 30.
In the exemplary embodiment, the loop angle 0 is ap-
proximately 90 degrees when the loop 34 is in the cutting
configuration. Cutting around a volume of soft tissue is
accomplished by advancing and/or retracting the probe
20 when the loop 34 is in the cutting configuration. Ex-
tension and/or retraction of the loop 34 are preferably
controlled by movement of one and/or both of the elec-
trode ends 32.

[0019] To facilitate positioning of the probe 20 in the
tissue, the probe 20 and/or the loop 34 may contain a
locating mechanism (not shown) to aid in determining
the location of the probe 20 and/or the loop 34 within the
tissue. A detecting mechanism, preferably located exter-
nal to the tissue, detects the locating mechanism. The
locating mechanism may include radiologic or ultrasound
markers, light or other signal emitters, or such other
mechanism as may be detectable by the corresponding
detecting mechanism typically external to the patient.
[0020] The cross-sectional area of the electrode 30
may be round, square, triangular, rectangular, oval, dia-
mond-shaped, polygonal or any other desired shape.
One or more cutting edges on the loop 34 and/or elec-
trode 30 may be sharpened or serrated. The electrode
30 may be in continuity with an external energy source
(not shown) such as but not limited to radio frequency
energy, laser and/or vibration. Other methods of cutting
soft tissue may be incorporated into the loop and/or elec-
trode including but not limited to air abrasion and/or water
jet. Where the electrode 30 is energized with radio fre-
quency, an electrical circuit may be configured as a mo-
nopolar system with the loop acting as the active elec-
trode and a larger, dispersive grounding pad acting as
the return electrode. In an alternative, the return elec-
trode may be positioned on or near the cutting device
100 resulting in a bipolar system. Furthermore, the loop
34 and/or electrode 30 may be partially or completely
insulated to expose the radio frequency energy to the
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tissue at one or more predetermined locations on the
loop 34. Materials that may act as insulators include but
are not limited to ceramics and polymers such as
polymethylsiloxane, paratetraffuoroethylene, polyimide,
and/or polyetheretherketone. The loop 34 may oscillate
along one or more predetermined directions to facilitate
the cutting of soft tissue. The loop 34 may oscillate by
movement of the electrode 30 within the loop channels
26. In an alternative, the loop 34 may oscillate by move-
ment of the probe 20.

[0021] Tofacilitate tissue penetration, the loop 34 may
be energized during positioning of the probe 20 when the
loop 34 is in the penetrating configuration. In an alterna-
tive, as illustrated in FIG. 2A, the groove 38 is proximal
to the distal end 22. The distal end 22 is configured as a
sharpened tip that may facilitate tissue penetration but
the distal end 22 may be any number of configurations
that preferably aid in tissue penetration such as a sharp-
ened edge or edges. The distal end 22 may also be en-
ergized, for example, with radio frequency energy and/or
any other suitable energy. In a further alternative the dis-
tal end 22 may contain one or more penetrators 66 that
protrude distally as illustrated in the embodiment in FIG.
2B. The penetrator 66 may be sharpened and/or may be
energized with, for example, radio frequency energy to
facilitate tissue penetration. Preferably energizing of the
distal end 22 or the penetrator 66 is independent from
and electrically isolated from energizing of the electrode
30. In an alternative (not shown), the penetrator 66 is
partially or completely insulated to expose the radio fre-
quency energy to the tissue at one or more predeter-
mined locations on the penetrator 66. Furthermore, the
penetrator 66 may oscillate in one or more predetermined
directions to facilitate penetration of the soft tissue.
[0022] In the embodiment illustrated in FIGS. 3A and
3B, a loop holder 60 is used to maintain the loop 34 in
the penetrating configuration. In the exemplary embodi-
ment, a holder end 62 of the loop holder 60 comprises a
"Y" shaped configuration but any suitable configuration
of the holder end 62 to facilitate maintaining the loop 34
in the penetrating configuration may be used. The loop
holder 60 may be retracted by a loop holder controller
located on the handle (not shown), for example, such
that the loop 34 is released from the holder end 62 and
moves to the cutting configuration.

[0023] In an alternative embodiment illustrated in
FIGS. 3C and 3D, a loop cover 80 is configured at least
partially around the probe 20 and moves along the probe
axis 28. As illustrated in FIG. 3C, the loop cover 80 is at
or near the distal end 22 and positions the loop 34 in the
penetrating configuration. When the loop cover 80 is
moved along the probe axis 28 proximally toward the
handle, the loop 34 is uncovered and no longer restricted
by the loop cover 80 and moves to the cutting configu-
ration as shown in FIG. 3D. The loop cover 80 is prefer-
ably controlled by a loop cover controller (not shown)
located on the handle, for example. The cutting process
is completed by retracting the loop 34 into the probe 20
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and/or moving the loop cover 80 over the loop 34 to me-
chanically position the loop 34 into the penetrating con-
figuration. In an alternative (not shown), the loop cover
80 is moved along the probe axis 28 distally away from
the handle to uncover the loop 34.

[0024] In the embodiment illustrated in FIG. 5, a fixed
end 50 of the electrode 30 is located at or near the distal
end 22 of the probe 20 and an electrode end (not shown)
of the electrode 30 is located in the proximal end 24 of
the probe 20 or in the handle (not shown). The probe 20
contains a single loop channel 26 such that the probe 20
has a smaller profile (e.g., diameter) than where the
probe contains multiple loop channels and/or provides
more room within the probe 20 for the change in align-
ment of the loop channel 26 from being generally parallel
to the probe axis 28 to terminating at the angled exit 44.
The increased room provides for a less acute change of
direction, thereby facilitating movement of the electrode
30 within the loop channel 26.

[0025] In the embodiment illustrated in FIG. 6, an im-
aging catheter 70 is positioned within the probe 20 such
that the imaging catheter 70 scans an imaging area ad-
jacent to or containing the loop 34. The exemplary em-
bodiment shows the imaging catheter 70 in position to
image an area containing the loop 34, but the imaging
catheter 70 may be positioned in any suitable position
along the probe 20. The imaging catheter 70 may be
configured to rotate about the probe axis 28 to broaden
the imaging area. The imaging catheter 70 is preferably
an ultrasound transducer but may also be any other type
of suitable imaging modality. The ultrasound transducer
preferably has a high frequency in a range between ap-
proximately 10 MHz to 100 MHz. The proximity of the
ultrasound transducer to the imaged area provides for
use of a higher frequency which gives improved resolu-
tion of the imaged area. The imaging catheter 70 may
acquire images that are processed to show at least a
two-dimensional, a three-dimensional and/or a four-di-
mensional image.

[0026] Theimaging catheter 70 may be employed dur-
ing positioning of the probe 20 and/or during the cutting
process (i.e., as the probe 20 is advanced or retracted
with the loop 34 in the cutting configuration). Preferably
the imaging catheter 70 images in real time the loop 34
and the volume of soft tissue being excised during the
cutting process. Preferably the imaging catheter 70 and
the loop 34 are moved in unison as the probe 20 is ad-
vanced or retracted during the cutting process. The im-
aging catheter 70 may be within the probe 20 or prefer-
ably the imaging catheter 70 is configured as separate
component that slides into an imaging channel 72 con-
tained in the probe 20. When advanced to the desired
position in the imaging channel 72, the imaging catheter
70 is preferably secured in place with a lock mechanism
(not shown). The position of the imaging catheter 70 rel-
ative to the loop 34 may be predetermined or varied de-
pending on the positioning of the imaging catheter 70
within the imaging channel 72. The probe 20 and/or the
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loop 34 may additionally include an enhanced visualiza-
tion mechanism using medical imaging such as radiolog-
ic or ultrasound markers or may include a signaling de-
vice to provide emitted signals to be detected by an ex-
ternal detector.

[0027] FIGS. 7A and 7B illustrate another cutting de-
vice. InFIG. 7A, the electrode 30 is completely contained
within the probe 20 in the penetrating configuration. In
FIG. 7B, the electrode 30 is shown extending out of the
probe 20 in the cutting configuration. The electrode 30
is advanced out of the probe 20 through the exit 54, lo-
cated at or near the distal end 22, by an advancement
controller located on the handle (not shown), forexample.
When advanced through the exit 54, the shape memory
properties of the electrode 30 cause the loop 34 to as-
sume a predetermined size and shape. Configuring the
loop 34 tothe predetermined size and shape is performed
before the electrode is assembled into the cutting device
and is well know to those skilled in the art. The supere-
lastic properties of the material allow the loop 34 to be
entirely or almost entirety positioned within the probe 20
without creating a kink or permanent deformity in the loop
34. When the loop 34 is advanced out of the probe 20,
the loop 34 returns to the predetermined size and shape
due to the shape memory properties. The loop 34 may
be energized with radio frequency energy, laser and/or
vibration, for example, prior to and during advancement
through the exit 54. The loop may be partially or com-
pletely insulated to facilitate the cutting process. Oscilla-
tion of the loop may additionally or alternatively be applied
to facilitate the cutting process.

[0028] FIGS. 8A-8D are schematics illustrating a cut-
ting process using the cutting device 100 in an area of a
breast 90. In the exemplary embodiment, the area of the
breast 90 contains a nipple/areolar complex 99 and a
lobe 97 containing a duct 96. The duct 96 contains a
lesion 94 and a disease extension 95 within the duct 96.
An imaging device 110 is preferably used to locate the
duct 96, the lesion 94, and disease extension 95 and
guide the cutting process. In this exemplary schematic,
the imaging device 110 is an ultrasound transducer al-
though any other suitable imaging modality may be used.
The imaging device 110 may acquire images that are
processed to give two-dimensional, three-dimensional
and/or four-dimensional images. In an alternative (not
shown), the imaging catheter contained within the probe
20 as described above may be used alone or in conjunc-
tion with the imaging device 110 to guide the cutting proc-
ess.

[0029] As shown in FIG. 8A, the probe 20 enters the
breast 90 through a skin incision 98 that is preferably
located at a border of the nipple/areola complex 99. In
the exemplary schematic, the probe 20 is positioned un-
der the duct 96 and the lesion 94 but in various alterna-
tives the probe 20 may be positioned on a side of or
superficial to the duct 96 and/or lesion 94. Preferably,
the distal end 22 is positioned distal to the lesion 94 and
any additional disease within the duct 96 (i.e., the disease
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extension 95) relative to the skin incision 98. The probe
20 is preferably positioned with the loop 34 in the pene-
trating configuration. The loop 34 may be energized us-
ing, for example, an external radio frequency energy
source (not shown) to facilitate tissue penetration and
positioning of the probe 20. In FIG. 8B, the loop 34 is
energized and expanded into the cutting configuration..
Expansion releases the loop 34 from the groove 38 and
energizing allows the loop 34 to cut through soft tissue
as the loop 34 moves into the cutting configuration. The
height and width of the loop 34 may be adjusted or varied
to ensure that the entire lesion 94 and disease extension
95 is encircled by the loop 34 during the cutting process.
Next, the probe 20 is retracted as illustrated in FIG. 8C,
causing the loop 34 to cut tissue circumferentially around
the lesion 94 and the disease extension 95. The imaging
device 110 generally continues to keep the loop 34 and/or
the area of tissue adjacent to the loop 34 within the im-
aging area. For example, if the imaging device 110 is an
ultrasound transducer, the ultrasound transducer moves
preferably in unison with the loop 34 to keep the loop 34
within the imaging area. In FIG. 8D, the loop 34 is prox-
imal to the lesion 94 and the disease extension 95. The
loop 34 is retracted completing the cutting process. Once
retracted, energizing of the loop 34 can be terminated.
In an alternative (not shown), the distal end of the probe
20 is positioned proximal to the lesion 94 and disease
extension 95, the loop 34 is expanded and the probe 20
is advanced to accomplish the cutting process.

[0030] During the cutting process, the loop 34 and/or
probe 20 may be configured to oscillate or move back
and forth in an independent motion that is separate from
the advancement or retraction of the probe 20. The in-
dependent motion enhances the cutting process. Pref-
erably the independent motion is along a direction de-
fined by the curvature of the loop 34. Alternatively, the
independent motion is along any direction or combination
of directions defined by the loop axis, the probe axis
and/or a direction that is at one or more angles to the
loop axis and the probe axis.

[0031] In a further alternative embodiment (not
shown), a tissue collector is attached to the loop and/or
the probe. The tissue collector preferably encompasses
the severed tissue during the cutting process or after the
cutting process is complete. The tissue collector facili-
tates in removal of the cut tissue from the breast. In yet
a further alternative (not shown), a tissue marking mech-
anism may be incorporated into the cutting device to fa-
cilitate orientation of the cut tissue after removal from the
breast. The tissue marking mechanism marks the spec-
imen during the cutting process and/or after the cutting
process is complete. In yet another further alternative, a
soft tissue orientation and imaging guide system may be
incorporated to facilitate targeting of the area of soft tis-
sue to be excised, orient and fixate the area of soft tissue
during the cutting process and facilitate movement of the
imaging scanner relative to the cutting device.

[0032] FIG. 9 is a flowchart illustrating a cutting proc-
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ess 200 employing the cutting device and using an im-
aging device to guide the procedure. At step 202, radio-
logical imaging, preferably axial ductal ultrasound scan-
ning, is performed on the breast to identify a targeted
volume of soft tissue that includes a lesion and the duct
and/or lobe in which the lesion has developed. Preferably
the targeted tissue also includes any extension of the
lesion or disease process (e.g., extension of disease
within the duct, growth into Cooper’s ligament and multi-
focal lesions). The axial ductal ultrasound scanning is
preferably performed prior to the cutting process 200 to
delineate the lesion size, shape and position relative to
the duct(s) and the lobe, and to identify disease extension
within the duct(s), growth into Cooper’s ligament and
multifocal lesions. The axial ductal ultrasound scanning
may be enhanced with the use of ultrasound contrast
agents, such as described in co-pending U.S. Patent Ap-
plication No. 10/167,017, entitled "Ultrasound Imaging
Of Breast Tissue Using Ultrasound Contrast Agent" and
filed on June 11, 2002, the entirety of which is incorpo-
rated by reference herein. The axial ductal ultrasound
images may be processed to give images that are at least
one of two-dimensional, three-dimensional and four-di-
mensional images.

[0033] At step 204, the cutting device is inserted
through a skin incision on the breast. The incision is typ-
ically made in relatively close proximity to the targeted
tissue being imaged. Preferably, the incision is made at
the areolar border to provide for improved cosmesis. Pri-
or to making the skin incision, the imaging and cutting
process may be facilitated with the use of a soft tissue
orientation and imaging guide system, such as that de-
scribe in copending U.S. Patent No. 7,149,566, entitled
"Soft Tissue Orientation and Imaging Guide Systems and
Methods".

[0034] Atstep 206, the cutting device, preferably guid-
ed using the medical imaging, is positioned adjacent to
the targeted tissue in preparation for the cutting process.
Preferably, the targeted tissue includes the entire lesion
and the diseased duct(s) containing any extension of the
lesion, multifocal lesions, growth into Cooper’s ligament
or the entire lobe or part of the lobe containing the lesion.
During the positioning of the cutting device, the loop is
held in the penetrating configuration to facilitate penetra-
tion into the soft tissue. The loop may be energized from
an external energy source such as aradio frequency gen-
erator. The distal end of the probe is positioned distal to
the targeted tissue relative to the skin incision.

[0035] Atstep208,theloopisenergizedand expanded
which moves the loop from the penetrating configuration
to the cutting configuration. As the loop moves to the
cutting configuration, tissue is cut along the path of move-
ment.

[0036] At step 210, the loop is further expanded to in-
crease the size of the loop such that the loop can create
a circumferential cut around the targeted tissue. The
height and/or width of the loop is preferably adjusted be-
fore and/or during the cutting process. Preferably the cir-
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cumferential cut includes a satisfactory margin of normal
tissue surrounding the lesion, the diseased ducts(s),
growth into Cooper’s ligament and/or multifocal lesions.
[0037] Atstep212,the probeisretracted which causes
the loop to create a circumferential cut around the tar-
geted tissue. During the cutting process, the loop and/or
probe may oscillate or move in a back and forth in an
independent motion that is separate from the advance-
ment or retraction of the probe to facilitate the cutting
process. Preferably the imaging device images the loop
and/or area of tissue adjacent to the loop during the cut-
ting process.

[0038] At step 214, when the loop is proximal to the
targeted tissue relative to the skin incision, the loop is
retracted and energizing of the loop terminated, complet-
ing the cutting process 200. During the cutting process
or after the cutting process is complete, a tissue collector
may be employed to encompass the targeted tissue that
has been cut tofacilitate removal from the breast. Atissue
marking system may also be employed to facilitate ori-
entation of the targeted tissue once removed from the
breast.

[0039] Inan alternative, during step 206, the distal end
of the probe is positioned proximal to the targeted tissue
relative to the skin incision. At step 212, the probe is
advanced causing the loop to create a circumferential
cut around the targeted tissue. At step 214, when the
loop is distal to the targeted tissue the loop is retracted.
[0040] While the exemplary embodiments of the
present invention are described and illustrated herein, it
will be appreciated that they are merely illustrative and
that modifications can be made to these embodiments
without departing from the spirit and scope of the inven-
tion. Thus, the scope of the invention is intended to be
defined only in terms of the following claims as may be
amended, with each claim being expressly incorporated
into this Description of Specific Embodiments as an em-
bodiment of the invention.

Claims
1. Atissue cutting device (100), comprising:

a probe (20) having a length generally defining
a probe axis, the probe defining a pair of cutting
loop exits (44), each cutting loop exit being at
an exit angle relative to the probe axis, the exits
being at a distal region (22) of the probe;

a cutting loop (34) with shape memory having a
preconfigured shape, the cutting loop extending
from within the probe via a first one of the pair
of cutting loop exits and returning to within the
probe via the other of the pair of cutting loop
exits, the cutting loop being selectively in one of
a penetrating configuration configured for the
cutting device (100) to penetrate tissue and a
cutting configuration configured for the cutting
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loop to cut tissue, the cutting loop being gener-
ally within a profile of the probe in the penetrating
configuration, and when in the cutting configu-
ration, the cutting loop extends through the cut-
ting loop exits and generally returns to the pre-
configured shape to define a cutting configura-
tion plane which is at a cutting angle () relative
to the probe axis

the angle (0) of the cutting configuration plane
being determined by the angle of the cutting loop
exits relative to the probe axis;

a cutting loop securing mechanism (60; 80, 56)
configured to selectively secure the cutting loop
(34) in the penetrating configuration and to re-
lease the cutting loop into the cutting configura-
tion, the cutting loop securing mechanism either
being slidably disposed relative to the probe or
being a groove defined in the probe proximal to
the cutting loop exits;

The device of claim 1, wherein, when the cutting loop
is in the cutting configuration, a cutting loop width
(48) is generally determined by the angle (B) be-
tween the cutting loop exits,

The device of claim 1 or 2, wherein the cutting loop
securing mechanism (60) extends from a distal end
(22) of the probe and is at least partially slidably re-
tractable into the probe (20).

The device of claim 3, wherein the cutting loop se-
curing mechanism is a Y-shaped cutting loop holder
(60).

The device of claim 1, wherein the cutting loop se-
curing mechanism is a cover (80) slidably disposed
over the probe (20) and configured to secure the
cutting loop (34) between the loop cover (80) and
the probe (20) for the penetrating configuration.

The device of claim 1, wherein the cutting loop se-
curing mechanism is the groove (56) defined in the
probe proximal to the cutting loop exit.

The device of claim 1, wherein the probe includes at
least one cutting loop channel (26) terminating at the
cutting loop exit (44).

The device of claim 1, wherein the size of the cutting
loop (34) is adjustable by retracting or extending the
cutting loop into and out of the probe (20) when the
cutting loop is in a cutting configuration.

The device of claim 1, wherein the probe (20) defines
two cutting loop exits (44) through which the cutting
loop (34) extends.

10. The device of claim 1, wherein the cutting loop exit
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12,

13.

14.

15.

16.

17.

18.

19.

20.

21,

(44) is selectively positionable about the probe to
facilitate adjusting a width of the cutting loop (34).

The device of claim 1, wherein the cutting loop exit
(44) is selectively positionable to adjust the exitangle
between the cutting loop exit (44) and the probe (20).

The device of claim 1, wherein at least one edge of
the cutting loop is at least one of sharpened and ser-
rated.

The device of claim 1, further comprising a tissue
penetrator at a distal end (22) of the probe, the tissue
penetrator being coupled to an energy source for
supplying energy to the tissue penetrator to facilitate
tissue penetration.

The device of claim 13, wherein the tissue penetrator
is partially insulated to selectively expose the tissue
to the energy.

The device of claim 1, wherein the probe defines an
opening at a distal end (22) of the probe through
which the cutting loop (34) may selectively extend
for the cutting configuration and retract for the pen-
etrating configuration.

The device of claim 1, further comprising aloop cover
(80) disposed slidably over the probe, the loop cover
being configured to secure the cutting loop between
the loop cover and the probe for the penetrating con-
figuration and to release the cutting loop into its pre-
configured shape for the cutting configuration.

The device of claim 1, wherein the cutting loop is
coupled to an energy source configured to supply
energy to the cutting loop to facilitate cutting of tissue
by the cutting loop.

The device of claim 17, wherein the energy source
is selected from at least one of a radio frequency,
laser, water jet, air abrasion, ultrasonic, oscillation
along a predetermined distance, direction and/or fre-
quency, oscillation along a variable distance, direc-
tion and/or frequency.

The device of claim 17, wherein the cutting loop (34)
is partially insulated to selectively expose the tissue
to the energy.

The device of claim 1, further comprising an imaging
device generally housed in the probe.

The device of claim 1, further comprising a probe
locating mechanism housed in the probe, the probe
locating mechanism facilitates in determining the lo-
cation of at least one of the probe and the cutting
loop within the tissue from external to the tissue, the
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probe locating mechanism being one of a light, a
radiologic marker, and an ultrasound marker,

22. The device of claim 1, further comprising a tissue
collector to collect tissue cut by the cutting loop.

23. The device of claim 1, further comprising a tissue
marking mechanism to mark the tissue cut by the
cutting loop.

Patentanspriiche
1. Gewebeschneidevorrichtung (100), die aufweist:

eine Sonde (20) mit einer Lange, die im Allge-
meinen eine Sondenachse definiert, wobei die
Sonde ein Paar Schneideschlingenausgange
(44) definiert, wobei jeder Schneideschlingen-
ausgang in einem Ausgangswinkel relativ zu der
Sondenachse steht, wobei sich die Ausgange
in einem distalen Bereich (22) der Sonde befin-
den;

eine Schneideschlinge (34) mit Formgedachtnis
mit einer vorkonfigurierten Form, wobei sich die
Schneideschlinge voninnerhalb der Sonde tber
einen ersten des Paars von Schneideschlingen-
ausgangen erstreckt und nach innen in die Son-
de Uiber den anderen des Paars von Schneide-
schlingenausgangen zuriickkehrt, wobei die
Schneideschlinge sich selektivin einer Eindring-
konfiguration befindet, die so konfiguriert ist,
dass die Schneidevorrichtung (100) in Gewebe
eindringt, und einer Schneidekonfiguration, die
so konfiguriert ist, dass die Schneideschlinge
Gewebe schneidet, wobei sich die Schneide-
schlinge im Allgemeinen innerhalb des Profils
der Sonde in der Eindringkonfiguration befindet,
und wenn sie sich in der Schneidekonfiguration
befindet, die Schneideschlinge sich durch die
Schneideschlingenausgange erstreckt und im
Allgemeinen in die vorkonfigurierte Form zu-
riickkehrt, um eine Schneidekonfigurationsebe-
ne zu definieren, die sich in einem Schneidewin-
kel (0) relativ zu der Sondenachse befindet, wo-
bei der Winkel () der Schneidekonfigurations-
ebene durch den Winkel der Schneideschlin-
genausgange relativ zu der Sondenachse be-
stimmt wird;

einen Schneideschlingen-Sicherungsmecha-
nismus (60; 80; 56), der so konfiguriert ist, dass
er selektiv die Schneideschlinge (34) in der Ein-
dringkonfiguration sichert und die Schneide-
schlinge in die Schneidekonfiguration entlasst,
wobei der Schneideschlingen-Sicherungsme-
chanismus entweder gleitend relativ zu der Son-
de angebracht ist oder eine Nut ist, die in der
Sonde proximal zu den Schneideschlingenaus-
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10.

11.

12,

gangen definiert ist.

Vorrichtung nach Anspruch 1, wobei, wenn sich die
Schneideschlinge in der Schneidekonfiguration be-
findet, die Schneideschlingenweite (48) im Allgemei-
nen durch den Winkel (B) zwischen den Schneide-
schlingenausgangen bestimmt wird.

Vorrichtung nach Anspruch 1 oder 2, wobei sich der
Schneideschlingenmechanismus (60) von dem di-
stalen Ende (22) der Sonde erstreckt und wenig-
stens teilweise gleitend in die Sonde (20) zurtickge-
zogen werden kann.

Vorrichtung nach Anspruch 3, wobei der Schneide-
schlingen-Sicherungsmechanismus ein Y-formiger
Schneideschlingenhalter (60) ist.

Vorrichtung nach Anspruch 1, wobei der Schneide-
schlingen-Sicherungsmechanismus eine Abdek-
kung (80) ist, die gleitend Uber der Sonde (20) an-
gebracht und so konfiguriert ist, dass sie die Schnei-
deschlinge (34) zwischen der Schlingenabdeckung
(80) und der Sonde (20) fiir die Eindringkonfiguration
sichert.

Vorrichtung nach Anspruch 1, wobei der Schneide-
schlingen-Sicherungsmechanismus die in der Son-
de proximal zu dem Schneideschlingenausgang def-
mierte Nut (56) ist.

Vorrichtung nach Anspruch 1, wobei die Sonde we-
nigstens einen Schneideschlingenkanal (26) auf-
weist, der an dem Schneideschlingenausgang (44)
endet.

Vorrichtung nach Anspruch 1, wobei die GroRRe der
Schneideschlinge (34) durch Zuriickziehen oder
Herausfahren der Schneidschlinge in und aus der
Sonde (20) einstellbar ist, wenn sich die Schneide-
schlinge in einer Schneidekonfiguration befindet.

Vorrichtung nach Anspruch 1, wobei die Sonde (20)
zwei Schneideschlingenausgange (44) definiert,
durch die sich die Schneideschlinge (34) erstreckt.

Vorrichtung nach Anspruch 1, wobei der Schneide-
schlingenausgang (44) selektivum die Sonde herum
positioniert werden kann, um das Einstellen der Wei-
te der Schneideschlinge (34) zu erleichtern.

Vorrichtung nach Anspruch 1, wobei der Schneide-
schlingenausgang (44) selektiv so positioniert wer-
den kann, dass er den Ausgangswinkel zwischen
dem Schneideschlingenausgang (44) und der Son-
de (20) einstellt.

Vorrichtung nach Anspruch 1, wobei wenigstens ein



13.

14.

15.

16.

17.

18.

19.

20.

21.

17

Rand der Schneideschlinge wenigstens eines von
gescharft und gezahnt ist.

Vorrichtung nach Anspruch 1, die des Weiteren ei-
nen Gewebe-Eindringkdrper an dem distalen Ende
(22) der Sonde aufweist, wobei der Gewebe-Ein-
dringkérper an eine Energiequelle gekoppelt ist, um
dem Gewebe-Eindringkdrper Energie zuzufihren,
um das Eindringen in das Gewebe zu erleichtern.

Vorrichtung nach Anspruch 13, wobei der Gewebe-
Eindringkoérper teilweise isoliert ist, um das Gewebe
selektiv der Energie auszusetzen.

Vorrichtung nach Anspruch 1, wobei die Sonde eine
Offnung an dem distalen Ende (22) der Sonde defi-
niert, durch die sich die Schneideschlinge (34) se-
lektiv fir die Schneidekonfiguration erstrecken und
fur die Eindringkonfiguration zuriickziehen kann.

Vorrichtung nach Anspruch 1, die des Weiteren eine
Schlingenabdeckung (80) aufweist, die gleitend tiber
der Sonde angebracht ist, wobei die Schlingenab-
deckung so konfiguriert ist, dass sie die Schneide-
schlinge zwischen der Schlingenabdeckung und der
Sonde fiir die Eindringkonfiguration sichert und die
Schneideschlinge flr die Schneidekonfiguration in
ihre vorkonfigurierte Form entl&sst.

Vorrichtung nach Anspruch 1, wobei die Schneide-
schlinge an eine Energiequelle gekoppelt ist, die so
konfiguriert ist, dass sie Energie an die Schneide-
schlinge liefert, um das Schneiden von Gewebe
durch die Schneideschlinge zu erleichtern.

Vorrichtung nach Anspruch 17, wobei die Energie-
quelle ausgewahlt wird aus wenigstens einem von
Hochfrequenz, Laser, Wasserstrahl, Luftabrasion,
Ultraschall, Oszillation entlang einer vorgegebenen
Distanz, Richtung und/oder Frequenz, Oszillation
entlang einer variablen Distanz, Richtung und/oder
Frequenz.

Vorrichtung nach Anspruch 17, wobei die Schneide-
schlinge (34) teilweise isoliert ist, um das Gewebe
selektiv der Energie auszusetzen.

Vorrichtung nach Anspruch 1, die des Weiteren eine
Abbildevorrichtung aufweist, die im Allgemeinen in
der Sonde untergebracht ist.

Vorrichtung nach Anspruch 1, die des Weiteren ei-
nen Sondenpositionierungs-Mechanismus  auf-
weist, der in der Sonde untergebracht ist, wobei der
Sondenpositionierungs-Mechanismus das Festle-
gen der Position wenigstens einer der Sonde und
der Schneideschlinge innerhalb des Gewebes von
aulerhalb des Gewebes erleichtert, wobei der Son-
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denanordnungs-Mechanismus eines Lichts, eines
radiologischen Markers und eines Ultraschall-Mark-
ers ist.

. Vorrichtung nach Anspruch 1, die des Weiteren ei-

nen Gewebesammler aufweist, um Gewebe zu sam-
meln, das von der Schneideschlinge geschnitten
wurde.

Vorrichtung nach Anspruch 1, die des Weiteren ei-
nen Gewebekennzeichnungs-Mechanismus auf-
weist, um das von der Gewebeschlinge geschnittene
Gewebe zu kennzeichnen.
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Dispositif de découpe tissulaire (100) comprenant :

une sonde (20) d’'une longueur définissant gé-
néralement un axe de la sonde, la sonde défi-
nissant une paire de sorties de boucle de coupe
(44), chaque sortie de boucle de coupe se trou-
vant au niveau d’un angle de sortie par rapport
a I'axe de la sonde, les sorties se trouvant au
niveau d’une région distale (22) de la sonde ;
une boucle de coupe (34) a mémoire de forme
ayant une configuration prédéfinie, la boucle de
coupe s'étendant depuis l'intérieur de la sonde
par une premiére sortie de la paire de sorties de
la boucle de coupe et revenant a l'intérieur de
la sonde par l'intermédiaire de l'autre sortie de
la paire de sorties de la boucle de coupe, la bou-
cle de coupe se trouvant sélectivement dans
une configuration sélectionnée parmi une con-
figuration de pénétration configurée pour le dis-
positif de découpe (100) afin de pénétrer dans
les tissus et une configuration de découpe con-
figurée pour que la boucle de coupe découpe
les tissus, la boucle de coupe se trouvant géné-
ralement a l'intérieur d’un profilé de la sonde
dans la configuration de pénétration, et lors-
gu’elle se trouve dans la configuration de dé-
coupe, la boucle de coupe s’étend dans les sor-
ties de la boucle de coupe et reprend générale-
ment sa forme prédéfinie pour définir un plan de
configuration de découpe qui se situe au niveau
d’'un angle de découpe (0) par rapport a I'axe de
la sonde, I'angle (6) du plan de configuration de
découpe étant déterminé par I'angle des sorties
de la boucle de coupe par rapport a 'axe de la
sonde ;

un mécanisme de fixation de la boucle de coupe
(60 ; 80, 56) configuré pour fixer sélectivement
la boucle de coupe (34) dans la configuration de
pénétration et pour libérer la boucle de coupe
danslaconfiguration de découpe, le mécanisme
de fixation de la boucle de coupe étant soit dis-
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posé de fagon a coulisser par rapport a la sonde
soit étant une rainure formée dans la sonde
proximale par rapport aux sorties de la boucle
de coupe.

Dispositif selon la revendication 1, dans lequel, lors-
que la boucle de coupe se trouve dans la configura-
tion de découpe, une largeur de boucle de coupe
(48) est généralement déterminée par I'angle (8) en-
tre les sorties de la boucle de coupe.

Dispositif selon larevendication 1 ou la revendication
2, dans lequel le mécanisme de fixation de la boucle
de coupe (60) s’étend depuis une extrémité distale
(22) de la sonde et peut au moins partiellement se
rétracter en coulissant dans la sonde (20).

Dispositif selon larevendication 3, dans lequel le mé-
canisme de fixation de la boucle de coupe est un
support (60) de boucle de coupe en forme de Y.

Dispositif selon larevendication 1, danslequel le mé-
canisme de fixation de la boucle de coupe est un
couvercle (80) disposé de maniére a pouvoir coulis-
ser sur la sonde (20) et configuré pour fixer la boucle
de coupe (34) entre le couvercle de la boucle (80)
etla sonde (20) dans la configuration de pénétration.

Dispositif selon larevendication 1, danslequel le mé-
canisme de fixation de la boucle de coupe est la rai-
nure (56) définie dans la sonde proximale par rapport
a la sortie de la boucle de coupe.

Dispositif selon la revendication 1, dans lequel la
sonde contient au moins un canal (26) de boucle de
coupe se terminant au niveau de la sortie (44) de la
boucle de coupe.

Dispositif selon la revendication 1, dans lequel la
taille de la boucle de coupe (34) peut étre ajustée
par rétractation ou extension de la boucle de coupe
dans et hors de la sonde (20), lorsque la boucle de
coupe se trouve dans une configuration de découpe.

Dispositif selon la revendication 1, dans lequel la
sonde (20) définit deux sorties (44) de boucle de
coupe dans lesquelles la boucle de coupe (34)
s’étend.

Dispositif selon larevendication 1, dans lequel la sor-
tie (44) delaboucle de coupe peut étre sélectivement
positionnée autour de la sonde pour faciliter I'ajus-
tement d'une largeur de la boucle de coupe (34).

Dispositif selon larevendication 1, dans lequel la sor-
tie (44) de laboucle de coupe peut étre sélectivement
positionnée pour ajuster 'angle de sortie entre la sor-
tie (44) de la boucle de coupe et la sonde (20).
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Dispositif selon la revendication 1, dans lequel au
moins un bord de la boucle de coupe est constitué
d’au moins un bord aiguisé et denté.

Dispositif selon la revendication 1 comprenant en
outre un dispositif de pénétration tissulaire au niveau
d’une extrémité distale (22) de la sonde, le dispositif
de pénétration tissulaire étant couplé a une source
d’énergie destinée a alimenter en énergie le dispo-
sitif de pénétration tissulaire, afin de faciliter la pé-
nétration tissulaire.

Dispositif selon la revendication 13, dans lequel le
dispositif de pénétration tissulaire est partiellement
isolé pour exposer sélectivement les tissus a I'éner-

gie.

Dispositif selon la revendication 1, dans lequel la
sonde définit une ouverture au niveau d’'une extré-
mité distale (22) de la sonde a travers laquelle la
boucle de coupe (34) peut sélectivement s’étendre
dans la configuration de découpe et serétracter dans
la configuration de pénétration.

Dispositif selon la revendication 1 comprenant en
outre un couvercle de boucle (80) disposé de ma-
niére a coulisser sur la sonde, le couvercle de la
boucle étant configuré pour fixer la boucle de coupe
entre le couvercle de la boucle et la sonde dans la
configuration de pénétration et pour libérer la boucle
de coupe dans sa configuration prédéfinie dans la
configuration de découpe.

Dispositif selon la revendication 1, dans lequel la
boucle de coupe est couplée a une source d’énergie
configurée pour alimenter en énergie la boucle de
coupe, afin de faciliter la découpe des tissus par la
boucle de coupe.

Dispositif selon la revendication 17, dans lequel la
source d’énergie est sélectionnée parmi au moins
une source comprenant une fréquence radio, un la-
ser, un jet d’eau, I'abrasion de l'air, des ultrasons,
I'oscillation sur une distance, une direction et/ou une
fréquence prédéterminée, I'oscillation sur une dis-
tance, une direction et/ou une fréquence variable.

Dispositif selon la revendication 17, dans lequel la
boucle de coupe (34) est en partie isolée pour ex-
poser sélectivement les tissus a I’énergie.

Dispositif selon la revendication 1 comprenant en
outre un dispositif d'imagerie généralement logé
dans la sonde.

Dispositif selon la revendication 1 comprenant en
outre un mécanisme de positionnement de la sonde
logé dans la sonde, le mécanisme de positionne-
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ment de la sonde facilitant la détermination du posi-
tionnement d’au moins I'un des éléments sélection-
nés parmila sonde et la boucle de coupe al'intérieur
des tissus depuis I'extérieur des tissus, le mécanis-
me de positionnement de la sonde étant un dispositif
sélectionné parmi une lumiéere, un marqueur radio-
logique et un marqueur aux ultrasons.

Dispositif selon la revendication 1 comprenant en
outre un collecteur de tissus permettant de récupérer
des tissus découpés par la boucle de coupe.

Dispositif selon la revendication 1 comprenant en
outre un mécanisme de marquage tissulaire permet-
tant de marquer les tissus découpés par la boucle
de coupe.
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