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Description
PRIORITY

[0001] This application claims priority to U.S. Provi-
sional Patent App. No. 63/435,620, entitled "Biopsy Sys-
tem for Use in Magnetic Resonance Imaging Suite," filed
on December 28, 2022, the disclosure of which is hereby
incorporated by reference herein.

BACKGROUND

[0002] Biopsysamples have beenobtainedinavariety
of ways in various medical procedures using a variety of
devices. Biopsy devices may be used under stereotactic
guidance, ultrasound guidance, Magnetic Resonance
Imaging (MRI) guidance, Positron Emission Mammog-
raphy (PEM) guidance, Breast-Specific Gamma Imaging
(BSGI) guidance, or otherwise. For instance, some biop-
sy devices may be fully operable by a user using a single
hand, and with a single insertion, to capture one or more
biopsy samples from a patient. In addition, some biopsy
devices may be tethered to a vacuum module and/or con-
trol module, such as for communication of fluids (e.g.,
pressurized air, saline, atmospheric air, vacuum, etc.),
for communication of power, and/or for communication
of commands and the like. Other biopsy devices may be
fully or at least partially operable without being tethered
or otherwise connected with another device.

[0003] Examples of such biopsy devices and biopsy
system components are disclosed in U.S. Pat. No.
5,526,822, entitled "Method and Apparatus for Automat-
ed Biopsy and Collection of Soft Tissue," issued June
18, 1996; U.S. Pat. No. 6,086,544, entitled "Control Ap-
paratus for an Automated Surgical Biopsy Device," is-
sued July 11,2000; U.S. Pat. No. 7,442,171, entitled "Re-
mote Thumbwheel for a Surgical Biopsy Device," issued
October8,2008; U.S. Pat. No. 7,854,706, entitled "Clutch
and Valving System for Tetherless Biopsy Device," is-
sued December 1, 2010; U.S. Pat. No. 7,938,786, enti-
tled "Vacuum Timing Algorithm for Biopsy Device," is-
sued May 10, 2011; and U.S. Pat. No. 8,118,755, entitled
"Biopsy Sample Storage," issued February 21,2012; and
U.S. Pat. No. 10,201,333, entitled "MRI Biopsy System,"
issued February 12, 2019. The disclosure of each of the
above-cited U.S. Patents is incorporated by reference
herein.

[0004] MRI guided biopsy procedures may involve
unique operational constraints due to the strong magnet-
ic field associated with the area proximate the MRI cail.
The presence of this strong magnetic field may present
particular constraints with respect to ferromagnetic ob-
jects because such objects may be attracted to the strong
magnetic field. Additionally, electronic components may
emit electromagnetic radiation that may interfere with
sensitive components of associated with the MRI cail,
thereby creatingirregularities orimage artifactsinimages
produced by the MRI coil. Thus, it may be desirable to
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isolate or otherwise segregate certain components from
the MRI coil during an MRI guided biopsy procedure.
[0005] Isolation or segregation of components from the
MRI coil may introduce usability challenges such as trip
hazards, patient interaction challenges, and logistical
challenges from moving between various components
associated with the procedure. Thus, in some circum-
stances it may be desirable to move certain components
closer to the MRI coil or in closer proximity with other
components used in the procedure. Although some prox-
imity of ferromagnetic objects relative to the MRI coil may
be tolerated, the strength of the magnetic field and the
specific distance separating the MRI coil from the ferro-
magnetic objects are factors that directly influence this
tolerance.

[0006] While several systems and methods have been
made and used for obtaining a biopsy sample, it is be-
lieved that no one prior to the inventor has made or used
the invention described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] While the specification concludes with claims
which particularly point out and distinctly claim this tech-
nology, it is believed this technology will be better under-
stood from the following description of certain examples
taken in conjunction with the accompanying drawings, in
which like reference numerals identify the same elements
and in which:

FIG. 1 depicts a perspective view of an example MRI
biopsy system;

FIG. 2 depicts a top plan view of an example use of
the MRI biopsy system of FIG. 1 within an example
of a magnet room of an MRI suite;

FIG. 3 depicts a perspective view of a biopsy device
of the MRI biopsy system of FIG. 1;

FIG. 4 depicts a perspective view of a foot switch of
the MRI biopsy system of FIG. 1;

FIG. 5 depicts a perspective view of a control module
of the MRI biopsy system of FIG. 1;

FIG. 6 depicts a detailed perspective view of the con-
trol module of FIG. 5;

FIG. 7 depicts perspective cutaway view of the con-
trol module of FIG. 5;

FIG. 8 depicts a detailed perspective cutaway view
of the control module of FIG. 5; and

FIG. 9 depicts another perspective view of the control
module of FIG. 5, the control module including a bat-
tery compartment with a door in an open configura-
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tion;

FIG. 10A depicts a cross-sectional view of a lock
assembly for use in the battery compartment of FIG.
9, the lock assembly in an unlocked configuration;

FIG. 10B depicts another cross-sectional view of the
lock assembly of FIG. 10A, the lock assembly in a
locked configuration;

FIG. 11A depicts a cross-sectional view of another
lock assembly for use in the battery compartment of
FIG. 9, the lock assembly in an unlocked configura-
tion;

FIG. 11B depicts another cross-sectional view of the
lock assembly of FIG. 11A, the lock assembly in a
locked configuration;

FIG. 12 depicts a schematic view of yet another lock
assembly for use in the battery compartment of FIG.
9;

FIG. 13 depicts a schematic view of a signal process-
ing system for use in connection with the MRI biopsy
system of FIG. 1;

FIG. 14 depicts a schematic view of a user interface
screen for use in connection with the MRI biopsy
system of FIG. 1;

FIG. 15 depicts a schematic view of another user
interface screen for use in connection with the MRI
biopsy system of FIG. 1; and

FIG. 16 depicts a flowchart of an imaging mode al-
gorithm for use in connection with the MRI biopsy
system of FIG. 1.

[0008] The drawings are not intended to be limiting in
any way, and it is contemplated that various embodi-
ments of the technology may be carried out in a variety
of other ways, including those not necessarily depicted
in the drawings. The accompanying drawings incorpo-
rated in and forming a part of the specification illustrate
several aspects of the present technology, and together
with the description serve to explain the principles of the
technology; it being understood, however, that this tech-
nology is not limited to the precise arrangements shown.

DETAILED DESCRIPTION

[0009] The following description of certain examples
of the technology should not be used to limit its scope.
Other examples, features, aspects, embodiments, and
advantages of the technology will become apparent to
those skilled in the art from the following description,
which is by way of illustration, one of the best modes
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contemplated for carrying out the technology. As will be
realized, the technology described herein is capable of
other different and obvious aspects, all without departing
from the technology. Accordingly, the drawings and de-
scriptions should be regarded as illustrative in nature and
not restrictive.

I. Overview of Example MRI Biopsy System

[0010] FIG. 1 shows an example of a Magnetic Reso-
nance Imaging (MRI) compatible biopsy system (10) that
may be used to collect one or more biopsy samples dur-
ing an MRI guided biopsy procedure. MRI biopsy system
(10) includes a control module (110). As will be described
in greater detail below, control module (110) may be con-
figured for use within a shielded room containing an MRI
coil. Thus, control module (110) may include certain MRI
compatibility features configured to reduce the electro-
magnetic footprint of control module (110). In other
words, such MRI compatibility features may be config-
ured to mitigate detrimental interaction with the strong
magnetic field associated with the MRI coil and/or sen-
sitive radio frequency (RF) signal detection sensors
and/or antennas. A reduction of the electromagnetic foot-
print of control module (110) may include reducing elec-
tromagnetic radiation generated by one or more compo-
nents of control module (110). A reduction of the electro-
magnetic footprint of control module (110) may further
include reducing the propensity of control module (110)
to be attracted or otherwise respond to a magnetic field.
A plurality of specific examples of such MRI compatibility
features will be described in greater detail below that may
be readily incorporated into control module (110). As de-
scribed in U.S. Pat. No. 6,752,768, which is hereby in-
corporated by reference in its entirety, a range of prepro-
grammed functionality may be incorporated into control
module (110) to assist in collecting one or more tissue
samples.

[0011] MRI biopsy system (10) further includes a biop-
sy device (210), and a foot switch (260) configured to
control various functions of biopsy device (210). Control
module (110) may be in communication with biopsy de-
vice (210) to control and/or power biopsy device (210)
during use. In particular, control module (110) may be
mechanically, electrically, and/or pneumatically coupled
to biopsy device (210) so that components may be op-
erated at various distances relative to the strong mag-
netic field and the sensitive RF receiving components of
an MR coil.

[0012] Control module (110) may include one or more
cables (112) and/or tubes (114, 116, 118) coupling biop-
sy device (210) to control module (110). Such cables
(112) and/or tubes (114, 116, 118) may be generally con-
figured to communicate with biopsy device (210) to pro-
vide certain operational controls as will be described in
greater detail below. In the present version, control mod-
ule (110) includes a single cable (112) and a plurality of
tubes (114, 116, 118), another various alternative num-
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bers may be used.

[0013] Inthe presentversion, cable (112) may be con-
figured to communicate control signals and cutter rota-
tion/advancement motions respectively and may be con-
nected to respective electrical and mechanical ports (not
shown) in control module (110). Thus, cable (112) may
be configured as a mechanical rotary drive cable, an elec-
trical cable, or both. As will be described in greater detail
below, cable (112) may additionally include certain fea-
tures to promote use of control module (110) and/or bi-
opsy device (210) proximate an MRI coil.

[0014] Vacuum assist may be provided by first vacuum
tube (114) configured to communicate with an outlet port
(122) of a vacuum canister (120) disposed on a portion
of control module (110). A valve assembly (113) may be
disposed between first vacuum tube (114) and biopsy
device (210). A second vacuum tube (116) and third vac-
uum tube (118) extend from valve assembly (113) and
couple to biopsy device (210). In this configuration, con-
trol module (110) may communicate vacuum, saline, at-
mospheric air, and/or other fluids to various portions of
biopsy device (210) for use in collecting one or more tis-
sue samples.

[0015] Control module (110) may further include a
valve port (130) configured to receive valve assembly
(113). In particular, control module (110) may include one
or more motors (not shown) associated with valve port
(130) and configured to drive valve assembly (113) when
valve assembly (113) is disposed within valve port (130).
In this configuration, valve port (130) may permit the col-
lection of tubes (114,116, 118) and valve assembly (113)
(the collection of which may be referred to as a "tube
set") to be entirely disposable. In some versions, any one
or more of tubes (114, 116, 118) and valve assembly
(113) may be configured and operable in accordance with
the teachings of U.S. Patent No. 6,162,187, entitled "Flu-
id Collection Apparatus for a Surgical Device," issued
December 19, 2000; or U.S. Patent No. 9,724,076, enti-
tled "Biopsy Device Valve Assembly," issued August 8,
2017, the disclosure of which is incorporated by refer-
ence herein.

[0016] Control module (110) may further include a dis-
play (140) and a physical power button (142). Display
(140) may be configured to control certain operational
features of control module (110) and/or biopsy device
(210), while power button (142) may be used to power
control module (110) off and on, and/or wake control
module (110) from a sleep state. Display (140) may fur-
ther be configured to output certain control module (110)
and/or biopsy device (210) status indicators. By way of
example only, some such status indicators may include
the level of vacuum supplied to biopsy device (210), a
particular mode of operation associated with biopsy de-
vice (210), the position of components within biopsy de-
vice (210) (e.g., needle, cutter, tissue sample holder,
etc.), and/or etc. In some versions, display (140) may
receive operator input directly with display (140) being
configured as a touchscreen. In addition, or in the alter-
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native, display (140) may be associated with one or more
buttons to facilitate receipt of input.

[0017] Ofcourse, the above-described control module
(110) is merely one example. Any other suitable type of
control module (110) and associated components may
be used. In some versions, control module (110) may be
configured in accordance with any one or more of the
teachings of US Pat. No. 10,201,333, entitled "MRI Bi-
opsy System," issued on February 12, 2019, the disclo-
sure of which is incorporated by reference herein. In other
versions, control module (110) may instead be config-
ured and operable in accordance with the teachings of
U.S. Pub. No. 2008/0228103, entitled "Vacuum Timing
Algorithm for Biopsy Device," published September 18,
2008, the disclosure of which is incorporated by refer-
ence herein. In still other versions, control module (110)
may instead be configured and operable in accordance
with the teachings of U.S. Patent No. 8,328,732, entitled
"Control Module Interface for MRI Biopsy Device," issued
December 11, 2012, the disclosure of which is incorpo-
rated by reference herein. Alternatively, control module
(110) may have any other suitable components, features,
configurations, functionalities, operability, etc. Other suit-
able variations of control module (110) and associated
components will be apparent to those of ordinary skill in
the art in view of the teachings herein.

[0018] Optionally, in some versions, MRI biopsy sys-
tem (10) may include a localization fixture (no shown),
and a patient supporttable (not shown). Such localization
fixtures and patient support tables may be used to orient
biopsy device (210) relative to a patient and the patient
relative to the MRI coil. Such localization fixtures and
patient support tables may additionally be used in com-
bination with certain accessory components such as tar-
geting sets including obturators and/or cannulas. Suita-
ble localization fixtures, patient support tables, and/or tar-
geting sets may be configured in accordance with any
one or more of the teachings of US Pat. No. 10,201,333,
entitled "MRI Biopsy System," issued on February 12,
2019, the disclosure of which is incorporated by refer-
ence herein. In other versions, suitable localization fix-
tures, patient support tables, and/or targeting sets may
instead be configured and operable in accordance with
the teachings of U.S. Pub. No. 2007/0255168, entitled
"Grid and Rotatable Cube Guide Localization Fixture for
Biopsy Device," published November 1, 2007, and incor-
porated by reference herein.

[0019] FIG. 2 shows an example of a magnet room
(150) of an MRI suite, where MRI biopsy system (10)
may be used to collect one or more tissue samples under
MRI guidance from a patient. As can be seen, magnet
room (150) may include a plurality of walls (152) defining
a room or open space. Magnet room (150) may further
include an MRI coil (154) configured for imaging tissue
of a patient by generating and detecting strong electro-
magnetic fields. It should be understood that in some
versions, walls (152) may include shielding or other forms
of insulation to block electromagnetic radiation from in-
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terfering with MRI coil (154).

[0020] As will be described in greater detail below, MRI
biopsy system (10) is configured for use entirely within
magnetroom (150). As bestseenin FIG. 2, biopsy device
(210) and foot switch (260) may be used proximate a
patient to collection one or more tissue samples. Mean-
while, control module (110) may also be positioned within
magnet room (150) proximate an operator, but outside a
gauss zone (156).

[0021] In the present version, gauss zone (156) is an
imaginary arc a predetermined radius relative to MRI coil
(154), outside of which control module (110) may be
used. As will be understood, the strong electromagnetic
field generated by MRI coil (154) may interact with com-
ponents near MRI coil (154). For instance, components
including ferromagnetic materials may be attracted to
MRI coil (154). Similarly, the same or other components
may interact with MRI coil (154) itself by generating elec-
tromagnetic radiation that may interfere with sensitive
electromagnetic detection components within MRI coil
(154). In other interactions, one or more functions of the
ferromagnetic materials may be impaired by the strong
electromagnetic field generated by MRI coil (154), there-
by causing one or more electrical or mechanical malfunc-
tions with control module (110). Such interactions may
generally be a function of distance relative to MRI caoill
(154), among other things. In particular, control module
(110) may include several components including both
ferromagnetic materials as well as components config-
ured to generate electromagnetic radiation (either inten-
tionally or incidentally). Thus, gauss zone (156) shown
in FIG. 2 is for use of control module (110) within magnet
room (150) at a distance where any interactions between
MRI coil (154) and control module (110) would be within
acceptable levels. Of course, similar gauss zones may
also be depicted for other components such as biopsy
device (210) or foot switch (260). However, as will be
described in greater detail below, biopsy device (210)
and foot switch (260) are configured for minimal interac-
tion with MRI coil (154) and therefore have substantially
smaller respective gauss zones.

Il. Example of MRI Compatible Biopsy Device

[0022] Biopsy device (210) is shown in greater detail
in FIG. 3. Biopsy device (210) is generally configured as
a core needle biopsy device with certain features to pro-
mote use of biopsy device (210) proximate an MRI coil
such as MRI coil (154). Biopsy device (210) includes a
probe (212), a needle assembly (220), and a tissue sam-
ple holder (240). Probe (212) is generally configured for
grasping by an operator with one or more hands for ma-
nipulation of needle assembly (220). Probe (212) is fur-
ther configured to house various operational components
associated with needle assembly (220) such as drive
components such as gears, shafts, and/or etc. and fluid
control components such as tubes, conduits and/or etc.
Such operational components may include entirely MRI
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compatible materials such as polymers, plastics, rub-
bers, ceramics, and/or non-magnetic metals including
nonferrous metals (e.g., titanium, aluminum, brass, cop-
per bronze, alloys thereof, and/or etc.) or steel grades
with limited ferrite phase.

[0023] Additionally, probe (212) may omit onboard
power sources and/or electronics to further promote MRI
compatibility. Instead of including onboard power sourc-
es and/or electronics, probe (212) may be powered en-
tirely by external sources. For instance, in the present
version, power may be provided to probe (212) by cable
(112) and/ortubes (114, 116, 118). Suitable power sourc-
es may therefore be isolated from probe (212) and in-
stead be incorporated into control module (110). Accord-
ingly, probe (212) includes a cable port (214) to permit
coupling of probe (212) to cable (112). Meanwhile, tubes
(116, 118) may be integrated into probe (212) as shown,
or alternatively separately coupled to probe (212) by one
or more coupling features or ports.

[0024] Needle assembly (220) extends distally from
probe (212). Needle assembly (220) is generally config-
ured to sever one or more tissue sample from a patient
and communicate such severed tissue samples through
probe (212) to tissue sample holder (240). In the present
version, needle assembly (220) includes dense rigid ma-
terials such as metals and/or ceramics. In some versions,
needle assembly (220) may include entirely MRI com-
patible materials such as non-magnetic metals including
nonferrous metals (e.g., titanium, aluminum, brass, cop-
per bronze, alloys thereof, and/or etc.), or steel grades
with limited ferrite phase, and/or ceramics. In other ver-
sion, needle assembly (220) may include some ferrous
metals such as stainless steel. In some circumstances,
at least some ferrous metals may be tolerated due to the
relatively low mass of needle assembly (220).

[0025] Needle assembly (220) includes an outer can-
nula (222) and a cutter (230). Outer cannula (222) defines
a distal tip (224) and a lateral aperture (226) proximate
distal tip (224). In the present version, distal tip (224) is
of a blunt configuration. Such a blunt configuration may
be desirable for circumstances where needle assembly
(220) is used in combination with the targeting set de-
scribed above because the targeting set may include
dedicated features for tissue penetration. In other ver-
sions, distal tip (224) may include a sharp configuration
configured to penetrate tissue.

[0026] Cutter (230) may be disposed within a hollow
interior of outer cannula (222). Cutter (230) is generally
configured to translate and rotate within the hollow inte-
rior of outer cannula (222) relative to lateral aperture
(226) to sever a tissue sample from tissue prolapsed into
lateral aperture (226). Although not shown, it should be
understood that cutter (230) may be hollow to facilitate
transport of severed tissue samples through cutter (230)
under vacuum provided by tubes (116, 118).

[0027] Probe (212) further includes a needle rotation
feature (232). Needle rotation feature (232) is generally
configured to rotate outer cannula (222) of needle as-
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sembly (220) about the longitudinal axis of needle as-
sembly (220). Rotation of outer cannula (222) may be
desirable in some versions to permit adjustment of the
orientation of lateral aperture (226). For instance, outer
cannula (222) may be rotated to orient lateral aperture
(226)in a variety of clock positions so thatlateral aperture
(226) may be used to collect tissue samples at a variety
of positioned around the perimeter of outer cannula
(222). Although the present version includes needle ro-
tation feature (232), in other versions, needle rotation
feature (232) is entirely optional and may be omitted.
[0028] Tissue sample holder (240) extends proximally
from probe (212). Tissue sample holder (240)is generally
configured to receive and contain tissue samples sev-
ered by cutter (230). It should be understood that tissue
sample holder (240) may include a variety of configura-
tions. Forinstance, in some versions, tissue sample hold-
er (240) may include a single tray for collection of tissue
samples in bulk. In other versions, tissue sample holder
(240) may include one or more trays with each tray having
a plurality of strips for collection of tissue samples indi-
vidually. In yet other versions, tissue sample holder (240)
is optional and may be omitted entirely. Still other con-
figurations of tissue sample holder (240) may be appar-
entto those of ordinary skill in the art in view of the teach-
ings herein.

[0029] By way of example only, biopsy device (210)
may be configured in accordance with at least some of
the teachings of U.S. Pub. No. 2010/0160824, the dis-
closure of which isincorporated by reference herein; U.S.
Patent Pub. No. 2013/0144188, entitled "Biopsy Device
with Slide-In Probe," published June 6, 2013, the disclo-
sure of which is incorporated by reference herein; U.S.
Patent Pub. No. 2013/0324882, entitled "Control for Bi-
opsy Device," published December 5, 2013, the disclo-
sure of which is incorporated by reference herein; U.S.
Patent Pub. No. 2014/0039343, entitled "Biopsy Sys-
tem," published February 6, 2014, the disclosure of which
is incorporated by reference herein; and/or U.S. Patent
App. No. 14/469,761, entitled "Tissue Collection Assem-
bly for Biopsy Device," filed August 27, 2014, the disclo-
sure of which is incorporated by reference herein.

Ill. Example of MRI Compatible Foot Switch

[0030] Footswitch (260)is generally configured to con-
trol operation of biopsy device (210) using the foot of an
operator. In this configuration, biopsy device (210) may
be grasped using a single hand, permitting use of the
other hand for manipulation of accessory components or
needle rotation feature (232). Additionally, foot switch
(260)is configured for MRI compatibility by including min-
imal ferrous materials.

[0031] As best seen in FIG. 4, foot switch (260) in-
cludes a base (262), a cable (264) extending from base
(262), and one or more user input features (266, 268).
Base (262) is generally configured to be positioned on a
floor such as the floor of magnet room (150) described
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above. Due to the positioning of base (262) on a floor,
base (262) may have a relatively large size to promote
use via a foot and to improve the visibility of foot switch
(260). Base (262) may also optionally include weights or
relatively dense materials to help maintain foot switch
(260) in a predetermined position on floor. Additionally,
base (262) may optionally include one or more elasto-
meric feet or other stabilizing features positioned on a
bottom surface of base (262). Use of such elastomeric
feet may be desirable in some versions to maintain foot
switch (260) in a stable position on the floor.

[0032] Base (262) is further configured to house com-
ponents associated with user input features (266, 268).
Thus, a portion of base (262) may be hollow. To promote
MRI compatibility, the structure of base may include MRI
compatible materials such as polymers, plastics, rub-
bers, ceramics, and/or non-magnetic metals including
nonferrous metals (e.g., titanium, aluminum, brass, cop-
per bronze, alloys thereof, and/or etc.) or steel grades
with limited ferrite phase.

[0033] User input features (266, 268) of the present
version include a foot pedal (266) and a push button
(268). Both foot pedal (266) and push button (268) are
configured to act as switches such that actuation of foot
pedal (266) or push button (268) may communicate a
signal to control module (110). Both foot pedal (266) and
push button (268) may additionally be oversized to pro-
mote actuation by a foot of an operator.

[0034] To promote MRI compatibility, foot pedal (266)
and push button (268) may include predominantly MRI
compatible materials such as polymers, plastics, rub-
bers, ceramics, and/or non-magnetic metals including
nonferrous metals (e.g., titanium, aluminum, brass, cop-
per bronze, alloys thereof, and/or etc.) or steel grades
having limited ferrite phase. However, due to the position
of foot switch (260) on a floor where electromagnetic
fields may be weaker, at least some ferrous materials
may be tolerated where beneficial. For instance, compo-
nents used to permit foot pedal (266) and push button
(268) as switches may include at least some ferromag-
netic materials. Thus, various electronic switch compo-
nents may be used to permit foot pedal (266) and push
button (268) to act as switches. However, where possi-
ble, various electronic components may be segregated
to control module (110) and in communication with foot
switch (260) via cable (264).

IV. Example of Control Module for Use in MRI Suite

[0035] Asdescribedabove,itmaybedesirableinsome
circumstances to position control module (110) within a
portion of an MRI suite such as magnet room (150) de-
scribed above. When control module (110) is positioned
outside magnetroom (150), certain operational challeng-
es may occur under some circumstances. For instance,
the remote nature of control module (110) relative to the
clinician performing the biopsy procedure may contribute
to challenges with making operational adjustments to
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control module (110), particularly mid-biopsy procedure.
Additionally, under some circumstances, the length of
cable (112) and/or tubes (116, 118) may contribute to
operational challenges. For instance, cable (112) and/or
tubes (116, 118) may introduce operational delays or in-
efficiencies when closing the door of magnet room (150)
when performing an image scan, which may require re-
traction of cable (112) and/or tubes (116, 118). Cable
(112) and/or tubes (116, 118) may also present a trip
hazard under some circumstances. The relatively long
length of cable (112) may also lead to unintentional move-
ment of cable (112) during a biopsy procedure due to
internal torque within cable (112).

[0036] In view of the discussion above, it may be de-
sirable under some circumstances to use control module
(110) within a portion of an MRI suite such as magnet
room (150). However, as noted above, the presence of
an MR coil such as MRI coil (154) may lead to undesir-
able effects due to the electromagnetic field generated
by the MRI coil. Accordingly, it may be desirable to in-
clude certain features within control module (110) to pro-
mote the use of control module (110) within magnet room
(150) with limited interaction between control module
(110) and the electromagnetic field generated by MRI
coil (154).

A. Example Control Module Features to Enhance MRI
Compatibility

[0037] FIG. 5 shows cable (112) in greater detail. As
can be seen, cable (112) of the present version is rela-
tively short. In this relatively short configuration, cable
(112) may be more resistant to movement arising from
internal torque within cable (112). In the present version,
"relatively short" corresponds to a length of about 2 times
the height of control module (110) or less. In absolute
terms, "relatively short" may correspond to about 8 feet
or less in some versions, about 6 feet or less in other
versions, about 4 feet or less in yet other versions, or
between about 7 and 4 feet in still other versions.
[0038] The particular structure of cable (112) may also
be configured to promote use within magnet room (150).
For instance, the diameter of cable may be minimized to
reduce interaction with the electromagnetic filed gener-
ated by MRI coil (154) and to reduce the propensity of
cable (112) kinking. Additionally, the particular materials
used may be configured to reduce interaction with the
electromagnetic field generated by MRI coil (154). In
some versions, at least a portion of cable (112) may in-
clude phosphor bronze or other non-magnetic metals in-
cluding nonferrous metals (e.g., titanium, aluminum,
brass, copper bronze, alloys thereof, and/or etc.) or steel
grades having limited ferrite phase.

[0039] Controlmodule (110) may furtherinclude awork
area (160). As best seen in FIG. 6, work area (160) of
the present version is defined as a recessed contour in
an upper surface of control module (160). Work area
(160) is generally configured to provide an area for place-
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ment of biopsy device (210) and/or other features asso-
ciated with a biopsy procedure such as a targeting set.
Work area (160) may be desirable to eliminate the need
for a separate tray or other similar features that may in-
clude ferrous materials. In the present version, work area
(160) is configured as a depression or indentation in the
upper surface of control module (110). In other versions,
work surface (160) may be configured as a separate pla-
nar component similar to a shelf. In still other versions,
work surface (160)is entirely optional and may be omitted
entirely.

[0040] Although not shown, in some examples, work
area (160) is configured to receive certain accessory
components. By way of example only, in some examples
an optional tray can be removably received within work
area (160) or a portion thereof. Such an optional tray may
be desirable to maintain the sterility of work area and/or
other portions of control module (110). In some exam-
ples, such an optional tray can be configured to include
a plurality of discrete sections or segments separated by
walls indentations, or other features. For instance, in one
example one section is sized similarly to a mayo stand,
while another section is sized smaller, but with a lower
floor position. Of course, work area (160) may be config-
ured for use with other suitable trays or accessory com-
ponents as will be appreciated by those of ordinary skill
in the art in view of the teachings herein.

[0041] As best seen in FIG. 7, control module (110)
includes a physical structure configured to promote use
in a portion of an MRI suite similar to magnet room (150)
described above. In particular, control module (110) in-
cludes a base (162), structural members (164), and body
panels (166) of all MRI compatible materials. For in-
stance, base (162) and structural members (164) may
include non-ferrous metals such as titanium, aluminum,
brass, copper bronze, alloys thereof, and/or etc. Base
(162) and structural members (164) may also include
non-magnetic metals, which may encompass non-fer-
rous metals as well as certain grades of steel with limited
ferrite phase (e.g., austenitic stainless steels). The use
of non-ferrous or non-magnetic metals for base (162) and
structuralmembers (164) may be desirable in the present
version of other MRI compatible materials to provide en-
hanced rigidity and durability. Meanwhile, body panels
(166) may include other MRI compatible materials such
as plastic. The use of plastic for body panels (166) in the
present version may be desirable to provide light weight,
ease of manufacturability, color customization, and/or
etc.

[0042] Inthepresentversion, base (162)and structural
members (164) may define the general shape of control
module (110), while body panels (166) may fill spaces
between base (162) and structural members (164) to en-
close the interior of control module (110). Thus, base
(162) may form a generally rectangular platform for
mounting various components thereon, while structural
members (164) may extend upwardly from base (162) to
define the rectangular structure of control module (110).
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Base (162) may further support other associated com-
ponents such as wheels. Body panels (166) may then be
attached to structural members (164) to fill the spaces
between base (162) and structural members (164).
[0043] AsbestseeninFIGS.7 and 8, theinternal com-
ponents of control module (110) are generally configured
to promote MRI compatibility. In particular, control mod-
ule (110) is configured such that high density ferrous
components may be oriented towards a bottom portion
of control module (110). In the present version, this con-
figuration includes one or more motors (170) and one or
more vacuum pumps (174), which are positioned proxi-
mate base (162). In this position, motors (170) and vac-
uum pumps (174) are generally oriented closer to the
floor where the electromagnetic field generated by an
MRI coil similar to MRI coil (154) is lower. Thus, by po-
sitioning motors (170) and vacuum pumps (174) closer
to base (162), control module (110) may be positioned
closer to an MRI coil similar to MRI coil (154) without
having adverse effects on the operation of the MRI coil
or vice-versa. In some versions, "closer to base (162)"
may include any high-density ferrous components being
positioned below one half the total heigh of control mod-
ule (110). In other versions, "closer to base (162)" may
include any high-density ferrous components being po-
sitioned below one quarter of the total height of control
module (110). In yet other versions, "closer to the base
(162)" may include any high-density ferrous components
being positioned below one eighth of the total height of
control module (110).

[0044] Due to the positioning of motors (170) and vac-
uum pumps (174), control module (110) may further in-
clude certain communication features configured to fa-
cilitate communication of motors (170) and/or vacuum
pumps (174) with other portions of control module (110).
Forinstance, in the presentversion, control module (110)
may include one or more linkages (172) corresponding
to each motor (170) to communicate rotatory motion from
each respective motor (170) to another portion of control
module (110). Linkages (172) may generally include one
or more elongate shafts of MRI compatible material ex-
tending through the interior of control module (110). To
facilitate communication of rotary motion to other com-
ponents, linkages (172) may also be associated with oth-
er drive components such as bearings, gears, screws,
and/or etc. Similarly, although not shown, it should be
understood that vacuum pumps (174) may be in commu-
nication with elongate tubes, conduits, and/or pipes to
communicate vacuum from one portion of control module
(110) to another.

B. Example Battery Control Features

[0045] In some versions, it may be desirable to power
control module (110) using battery power rather than
wired power via a wall outlet. Such a configuration may
be desirable for a variety of reasons. For instance, wall
outlets may not always be present within a portion of an
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MRI suite such as magnet room (150) described above.
Additionally, the use of battery power may permit control
module (110) to be entirely operated by direct current
rather than alternating current, which may reduce elec-
tromagnetic noise. Furthermore, the use of battery power
may improve usability by promoting tetherless mobility.
[0046] FIG. 9 shows an example of a battery compart-
ment (180) that may be integrated into a portion of control
module (110). As can be seen, battery compartment
(180) includes a door (182) and a battery receiver (186)
disposed within battery compartment (180) behind door
(182). Door (182) is configured to pivot between an open
and closed configuration to selectively enclose battery
receiver (186). As will be described in greater detail be-
low, in some versions of battery compartment (180), door
(182) may be equipped with a lock to selectively lock door
(182) in the closed configuration, thereby limiting access
to battery compartment (180). In addition, or in the alter-
native, door (182) can be associated with an alarm or
other indicator. Such an alarm or indicator can be con-
figured to prevent changing of battery (184) while MRI
coil (154) is on.

[0047] Battery receiver (186) is configured to receive
a battery (184). In the present version, battery receiver
(186) is configured as a pocket with an open top portion.
In this configuration, battery receiver (186) may have a
drop-in configuration such that battery (184) may be
dropped into battery receiver (186). In other versions,
battery receiver (186) may take on a variety of forms con-
figured to receiver battery (184) such as an entirely open
cavity with one or more latch features, a bottom insertion-
style cavity, and/or etc. Although not shown, it should be
understood that the interior of battery receiver (186) may
include one or more electrical contacts configured to
communicate electrical power between battery (184) to
control module (110).

[0048] In some examples, battery (184) is optionally
associated with one or more level indicators. Such level
indicators can be integrated into battery (184) and/or one
or more portions of control module such as dedicated
lights and/or various user interface screens (500, 550)
described in greater detail below. In some examples, lev-
el indicators may be configured as a red-yellow-green
stoplight or percentage readout to provide a user with an
indicator of the remaining battery power within battery
(184). In addition orin the alternative, level indicators can
include a counter to indicate the number of biopsy sam-
pling cycles remaining on a given charge. Regardless,
on or more functions of such level indicators can be mod-
ified based on the specific age of battery (184) to account
for performance differences as battery (184) ages.
[0049] FIGS. 10A through 12 show a variety of lock
assemblies (310, 340, 370) that may be used in combi-
nation with door (182) described above. Lock assemblies
(310, 340, 370) are generally configured to selectively
lock door (182) in response to a variety of operational
conditions such as the detection of an electromagnetic
field. Such a locking feature in combination with door
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(182) may be desirable to limit access to battery (184).
For instance, during use of an MRI coil such as MRI coil
(154) described above, the strong electromagnetic field
associated with the MRI coil may attract or otherwise
influence battery (184) due to the presence of ferromag-
netic materials contained within battery (184). Control
module (110) is configured so that use of control module
(110) may occur with battery (184) present even when
the MRI coil is on and thus producing the strong electro-
magnetic field. However, if battery (184) were removed
from control module (110) during operation, the relative
position between battery (184) and the MRI coil could be
reduced to an unacceptable level, resulting in undesira-
ble consequences from battery (184) being attracted to
MRI coil. Thus, by locking door (182) and controlling ac-
cess to battery (184), battery (184) may be used without
being inadvertently drawn to the MRI coil.

[0050] FIG. 10A shows an example lock assembly
(310) with a gauss-based lock mechanism. Lock assem-
bly (310) is generally configured to respond to electro-
magnetic fields at a predetermined strength level to au-
tomatically lock door (182) of battery compartment (180).
Lock assembly (310) of the present version includes a
lock body (312) housing an actuation member (318), a
locking lever (320) (also referred to as toggle, or locking
member), and alock catch (330). Lock body (312) defines
a hollow interior (314) having a conical ramped surface
(318) proximate the bottom of lock body (312). As will be
described in grater detail below, hollow interior (314) is
configured to receive various parts of lock assembly
(310) such as actuation member (318) and locking lever
(320).

[0051] Actuation member (318) is generally movable
within lock body (312) in response to the presence of an
electromagnetic field to change the state of lock assem-
bly (310) between an unlocked configuration and a
locked configuration. In particular, actuation member
(318) is generally configured to respond to an electro-
magnetic field. In the present version, such responsive-
ness may be achieved by actuation member (318) in-
cluding aferrous or magnetic material. Actuation member
(318) also defines a round or spherical shape to promote
ease of movement within lock body (312) along features
such as ramped surface (316).

[0052] Lockinglever(320)is positioned above ramped
surface (316) and actuation member (318). Locking lever
(320) is generally cylindrical and includes a lock portion
(322) and an engagement portion (324). In the present
version, lock portion (322) generally defines a smaller
diameter relative to engagement portion (324). In other
versions, the diameters of lock portion (322) and engage-
ment portion (324) may be varied such that the diameter
of lock portion (322) may be larger than the diameter of
engagement portion (324). Alternatively, in other ver-
sions, the diameter of lock portion (322) may be substan-
tially similar to the diameter of engagement portion (324).
[0053] Lock catch (330) is movable within a portion of
lock body (312) such as a channel or other conduit and
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is generally configured to be locked in position by one or
more portions of lock assembly (310) to hold door (182)
of battery compartment (180) in a closed configuration.
Thus, although not shown, it should be understood that
lock catch (330) may be secured to a portion of door
(182), while lock body (312) may be secured to another
portion of control module (110). Alternatively, in some
versions, lock body (312) may be secured to door (182),
while lock catch (330) may be secured to another portion
of control module (110).

[0054] Lock catch (330) includes an attachment por-
tion (332) and a lock opening (334) disposed proximate
one end of attachment portion (332). Attachment portion
(332) is generally configured to be fastened to door (182)
or another feature of control module (110). Meanwhile,
lock opening (334) is configured to selectively engage a
portion of lock assembly (310) such as locking lever (320)
to hold lock catch (330) in the locked configuration.
[0055] FIGS. 10A and 10B show an example use of
lock assembly (310) for locking door (182). In particular,
FIG. 10A shows lock assembly (310)in the unlocked con-
figuration. In this configuration, the electromagnetic field
proximate lock assembly (310) may be relatively low or
not detectable. In some circumstances, this condition
may correspond to an MRI coil being off, on standby, or
otherwise notimaging. Because of the relatively low elec-
tromagnetic field, gravity may act on actuation member
(318) pulling actuation member (318) downwardly along
ramped surface (316) of lock body (312) to the vertex of
ramped surface (316).

[0056] With actuation member (318) pulled downward-
ly under the force of gravity, locking lever (320) may like-
wise be pulled downwardly under the force of gravity to-
ward ramped surface (316) and away from lock catch
(330). With locking lever (320) moved away from lock
catch (330), lock portion (322) may be disengaged from
lock opening (334) of lock catch (330), thereby permitting
free movement of lock catch (330) relative to lock body
(312).

[0057] Inthe presence of an electromagnetic field, lock
assembly (310) may move to the locked configuration
automatically. As best seen in FIG. 10B, the presence of
the electromagnetic field may attract actuation member
(318) upwardly, overcoming the force of gravity. Actua-
tion member (318) may then travel up ramped surface
(316) into contact with engagement portion (324) of lock-
ing lever (320). As a result, actuation member (318) may
push locking lever (320) upwardly to engage lock portion
(322) with lock opening (334) of lock catch (330). Lock
catch (330) may then be held in position relative to lock
body (312), thereby holding door (182) closed.

[0058] It should be understood that the particular char-
acteristics of actuation member (318) may be modified
as needed so that actuation member (318) may be re-
sponsive to a particular electromagnetic field. For in-
stance, to calibrate actuation member (318) for a rela-
tively low or weak electromagnetic field, the particular
amount of ferrous material included with actuation mem-



17 EP 4 403 115 A2 18

ber (318) may be increased. Similarly, the weight of ac-
tuation member (318) may be reduced to change the
amount of force required to overcome the force of gravity.
In other versions, a combination of the amount of ferrous
material and the weight of actuation member (318) may
be adjusted in combination. Of course, to calibrate actu-
ation member (318) for a relatively high or strong elec-
tromagnetic field, opposite but similar characteristics
may be changed.

[0059] FIG. 11A shows another example lock assem-
bly (340) with a gauss-based lock mechanism. Lock as-
sembly (340) is generally configured to respond to elec-
tromagnetic fields at a predetermined strength level to
automatically lock door (182) of battery compartment
(180). Lock assembly (340) of the present version in-
cludes a lock body (342) housing a locking lever (350)
(also referred to as toggle, or locking member), and a
lock catch (360). Lock body (342) defines a lock channel
(344) and a catch channel (348) extending through at
least a portion of lock body (342). Specifically, lock chan-
nel (344) generally extends upwardly from a bottom sur-
face of lock body (342) to intersect with catch channel
(348). Meanwhile, catch channel (348) extends horizon-
tally or perpendicularly relative to lock channel (344) from
one side of lock body (342) to another.

[0060] Unlike lock assembly (310) described above,
lock assembly (340) of the present version omits a sep-
arate structure similar to actuation member (318) de-
scribed above. Instead, features corresponding to actu-
ation member (318) may be incorporated into locking le-
ver (350). In particular, locking lever (350) is generally
movable within lock body (342) in response to the pres-
ence of an electromagnetic field to change the state of
lock assembly (340) between an unlocked configuration
and a locked configuration. In the present version, re-
sponsiveness of locking lever (350) to an electromagnet-
ic field may be achieved by one or more portions of lock-
ing lever (350) including a ferrous or magnetic material.
[0061] Locking lever (350) is positioned within lock
channel (344) of lock body (342) and is configured to
move up and down within lock body (342). Locking lever
(350) is generally rectangular or cylindrical and includes
a lock portion (352) and an engagement portion (354).
In the present version, lock portion (352) generally sub-
stantially similar to engagement portion (354) but posi-
tioned above engagement portion (354). In this configu-
ration, engagement portion (354) may be configured to
locate locking lever (350) within lock channel (344), while
lock portion (352) may be configured to selectively en-
gage one or more portions of lock catch (360) to move
lock assembly (340) between alocked configuration and
an unlocked configuration.

[0062] Lock catch (360) is movable within a portion of
lock body (342) such as a catch channel (346) and is
generally configured to be locked in position by one or
more portions of lock assembly (340) to hold door (182)
of battery compartment (180) in a closed configuration.
Thus, although not shown, it should be understood that
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lock catch (360) may be secured to a portion of door
(182), while lock body (342) may be secured to another
portion of control module (110). Alternatively, in some
versions, lock body (342) may be secured to door (182),
while lock catch (360) may be secured to another portion
of control module (110).

[0063] Lock catch (360) includes an attachment por-
tion (362) and a lock opening (364) extending into the
bottom surface of lock catch (360). Attachment portion
(362) is generally configured to be fastened to door (182)
or another feature of control module (110). Meanwhile,
lock opening (364) is configured to selectively engage a
portion of lock assembly (340) such as locking lever (350)
to hold lock catch (360) in the locked configuration.
[0064] FIGS. 11A and 11B show an example use of
lock assembly (340) for locking door (182). In particular,
FIG. 11A shows lock assembly (340)in the unlocked con-
figuration. In this configuration, the electromagnetic field
proximate lock assembly (340) may be relatively low or
not detectable. In some circumstances, this condition
may correspond to an MRI coil being off, on standby, or
otherwise notimaging. Because of the relatively low elec-
tromagnetic field, gravity may act on locking lever (350)
pulling locking lever (350) downwardly within lock chan-
nel (344) toward the bottom of lock body (342) and away
from lock channel (344) and lock catch (360).

[0065] With locking lever (350) pulled downwardly un-
der the force of gravity, locking lever (320) may be pulled
away from lock catch (360). As aresult, lock portion (352)
may be disengaged from lock opening (364 ) of lock catch
(360), thereby permitting free movement of lock catch
(360) relative to lock body (342) within catch channel
(346).

[0066] Inthe presence of an electromagnetic field, lock
assembly (340) may move to the locked configuration
automatically. As best seen in FIG. 11B, the presence of
the electromagnetic field may attract locking lever (350)
upwardly, overcoming the force of gravity. Locking lever
(350) may then travel upwardly within lock channel (344)
of lock body (342) and into engagement with lock opening
(364) of lock catch (360). Lock catch (360) may then be
held in position relative to lock body (342), thereby hold-
ing door (182) closed.

[0067] It should be understood that the particular char-
acteristics of locking lever (350) may be modified as
needed so that locking lever (350) may be responsive to
a particular electromagnetic field. For instance, to cali-
brate locking lever (350) for a relatively low or weak elec-
tromagnetic field, the particular amount of ferrous mate-
rial included with locking lever (350) may be increased.
Similarly, the weight of locking lever (350) may be re-
duced to change the amount of force required to over-
come the force of gravity. In other versions, a combination
ofthe amount of ferrous material and the weight of locking
lever (350) may be adjusted in combination. Of course,
to calibrate locking lever (350) for a relatively high or
strong electromagnetic field, opposite but similar char-
acteristics may be changed.
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[0068] FIG. 12 shows another example of a lock as-
sembly (370) similar to lock assemblies (310, 340) de-
scribed above. As with lock assemblies (310, 340), lock
assembly (370) of the present version is generally con-
figured to automatically lock door (182) when the pres-
ence of an electromagnetic field is detected. However,
unlike lock assemblies (310, 340), lock assembly (370)
of the present version includes one or more electronic
features to facilitate locking of door (182). Such electronic
features may be desirable in some circumstances to in-
crease the flexibility or adaptability of lock assembly
(370). Such electronic features may further be desirable
to integrate the function of lock assembly (370) with other
functions of control module (110).

[0069] Lock assembly (370) of the present version in-
cludes alock body (372) housing a gauss detector (378),
a lock mechanism (380), and a lock catch (390). Lock
body (372) defines a catch channel (376) extending
through at least a portion of lock body (372). Specifically,
catch channel (376) extends horizontally within lock body
(372) from one side of lock body (372). In this configura-
tion, catch channel (376) is generally configured to re-
ceive lock catch (390).

[0070] Gauss detector (378) is generally configured to
respond to the presence of an electromagnetic field by
communicating a single to other components of lock as-
sembly (370) and/or control module (110). In some ver-
sions, the signal produced by gauss detector (378) may
be proportional to the electromagnetic field present. In
other versions, the signal produced by gauss detector
(378) may be binary, such that one signal is communi-
cated when an electromagnetic field above a predeter-
mined threshold is detected and another signal is com-
municated with an electromagnetic field is below the pre-
determined threshold. Although a signal predetermined
threshold may be used, in some versions, the predeter-
mined threshold may be adjustable to customize opera-
tion of gauss detector (378) for specific operational en-
vironments.

[0071] Although gauss detector (378) is shown as be-
ing disposed within lock body (372), it should be under-
stood that in other versions, gauss detector (378) may
be disposed in other physical locations. For instance, in
some versions, gauss detector (378) may be disposed
in one or more portions of control module (110) where
detection of an electromagnetic field may have a closer
relationship with the physical position of control module
within a portion of an MRI suite such as magnet room
(150) described above. Such alternative positions for
gauss detector (378) may be desirable in configurations
where gauss detector (378) is integrated with other func-
tions of control module (110) such as detecting the po-
sition of control module relative to an MRI coil such as
MRI coil (154) described above.

[0072] Gauss detector (378) is in communication with
lock mechanism (380). In the present version, lock mech-
anism (380) is configured to respond to one or more sig-
nals generated by gauss detector (378) to initiate a lock
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function. Forinstance, in some versions, lock mechanism
(380) may include a solenoid that may be activated by
signals generated by gauss detector (378) to drive aram,
rod, screw, and/or etc. into engagement with lock catch
(390) to lock door (182). In other versions, lock mecha-
nism (380) may include a motor or other electromechan-
ical device configured to engage lock catch (390) and
hold lock catch (390) in a given position. In still other
versions, lock mechanism (380) may include a magnet,
which may be activated by signals generated by gauss
detector (378) to attract lock catch (390) and lock door
(182). Of course, various alternative configurations for
lock mechanism (380) may be apparent to those of ordi-
nary skill in the art in view of the teachings herein.
[0073] As with lock catches (330, 360) described
above, lock catch (390) may include features configured
to promote locking of door (182) such as an attachment
portion and alock opening. As similarly discussed above,
such features may permit attachment of lock catch (390)
to door (182) or other components of control module
(110). Such features may additionally permit engage-
ment between lock catch (390) and lock mechanism
(380) to hold lock catch (390) in a given position relative
to lock body (372).

[0074] Insome versions, lock catch (390) may be omit-
ted entirely. Forinstance, in such versions, lock assembly
(370) may be configured as an alarm-based lock rather
than a physical lock. In such versions, lock mechanism
(380) may not be used to physically lock door (182). In-
stead, lock mechanism (380) may be configured to detect
the state of door (182) (e.g., open or closed) and then
emit an alarm (auditory, visual, tactile, and/or etc.) if the
state of door (182) changes when an electromagnetic
field is detected by gauss detector (378). In one version,
lock mechanism (380) may emit an alarm when door
(182) is in an open state and an electromagnetic field is
detected by gauss detector (378).

V. Example Operational Modes for MRl Compatibility

[0075] In some circumstances, certain ways in which
control module (110) is used may improve MRI compat-
ibility of control module (110). For instance, certain hard-
ware components may be susceptible to generating elec-
tromagnetic noise. Such electromagnetic noise may in-
terfere with an MR coil similar to MRI coil (154) described
above. Thus, it may be desirable to incorporate certain
operational modes into control module (110) to reduce
electromagnetic noise during certain points in a biopsy
procedure.

[0076] FIG. 13 shows a schematic diagram of an ex-
ample of a signal processing system (400) that may be
readily incorporated into biopsy system (10) described
above. In particular, signal processing system (400) is
generally configured to control functions of biopsy device
(210) and control module (110). Although signal process-
ing system (400) is shown as a single system used in
connection with biopsy device (10) and vacuum control
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module (110), it should be understood signal processing
system (400) may be divided into one or more separate
systems dedicated to particular functions of biopsy de-
vice (210) and control module (110).

[0077] Signal processing system (400) includes a data
processor (410) in communication with a plurality of con-
trollers and/or interfaces (420, 430, 440, 450, 460) used
to implement various functions of biopsy device (210)
and control module (110). Data processor (410) is further
in communication with memory (412) and data storage
(414), which may be used in combination with data proc-
essor (410) to facilitate various functions of data proces-
sor (410) described in greater detail below. Although data
processor (410) of the present example is shown as a
single element, it should be understood that data proc-
essor (410) may include multiple processors in some ex-
amples, with one or more of such multiple processors
being dedicated to particular functions.

[0078] Memory (412) may include random access
memory (RAM), which may be configured for short-term
storage of data. Meanwhile, data storage (414) may in-
clude a solid-state drive or a hard disk drive, or other
suitable devices configured forlong-term storage of data.
Memory (412) and data storage (414) may also be in
communication with each other to facilitate transfer of
data between short-term storage and long-term storage.
Together, data processor (410), memory (412), and data
storage (414) may be configured to execute computer
programs, in the form of software, to implement various
functions of biopsy device (210) and/or control module
(110) described in greater detail below. Although data
processor (410), memory (412), and data storage (414)
are shown as being in relatively close physical proximity,
it should be understood that any one or more of data
processor (410), memory (412), and data storage (414)
may be physically separated from each other and one or
more functions described herein may be performed re-
motely (e.g., cloud-based computation and signal
processing).

[0079] Insome examples, data processor (410), mem-
ory (412), and/or data storage (414) may be disposed
within control module (110) and may communicate with
other elements of biopsy system (10) via cable (112). In
other examples, data processor (410), memory (412),
and/or data storage (414) may be disposed within other
components such as one or more portions of biopsy de-
vice (210). Such a configuration may be particularly de-
sirable where data processor (410)is divided into multiple
separate data processors (410) or sub-processors. In
such examples, one or more data processors (410) may
be disposed within one or more portions of biopsy device
(210), while one or more data processors (410) may be
disposed within control module (110). In such configura-
tions, specific data processors (410) may be localized in
connection with particular functions.

[0080] Signal processing system (400)furtherincludes
a vacuum controller (420) in communication with data
processor (410). Vacuum controller (420) in combination
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with data processor (410) is generally configured to con-
trol various vacuum functions associated with biopsy de-
vice (210). Thus, vacuum controller (420) is in commu-
nication with vacuum module (422), which may be in com-
munication with one or more of vacuum canister (120),
valve port (130), and/or other components associated
with control module (110) to facilitate delivery of vacuum,
atmospheric air, and/or saline to biopsy device (210).
[0081] Signal processing system (400) further includes
a cutter controller (430) in communication with data proc-
essor (410). Cutter controller (430) in combination with
data processor (410) is generally configured to control
various functions associated with movement of cutter
(230) or other associated components. For instance, cut-
ter controller (410) may be in communication with one or
more motors (432) to communicate or receive signals to
one or more motors (432) to drive one or more motors
(432). One or more motors (432) may then drive move-
ment of cutter (230) via cable (112) and associated drive
components.

[0082] Signal processing system (400) further includes
a voltage controller (430) a voltage controller (440) and
one or more power converters (450). Voltage controller
(440) and power converters (450) may be used in com-
bination with data processor (410) to provide power to
various components of control module (110) and/or bi-
opsy device (210) with various characteristics (e.g., dif-
ferentvoltages, currents, etc.). For instance, voltage con-
troller (440) and/or power converters (450) may be in
communication with any one or more of vacuum control-
ler (420), cutter controller (430), and other components
described herein to provide power suitable to operate
such components on an as-needed basis. Thus, data
processor (440) may be in communication with voltage
controller (440) and power converters (450) to selectively
apply suitable power to various components of control
module (110) and/or biopsy device (210).

[0083] Signal processing system (400) further includes
an light emitting diode (LED) controller (460). LED con-
troller (460) is generally in communication with data proc-
essor (410) to provide control of one or more LEDs as-
sociated with control module (110). As will be described
in greater detail below, such LEDs may be used to com-
municate certain operational states to an operator. Al-
though LEDs may be used in the present version, other
suitable operator communication components may be
used in other versions such as buzzers, speakers, vibra-
tors, tone generators, and/or etc. In still other versions,
LEDs and LED controller (460) may be omitted entirely.
[0084] Data processor (410) may also be in communi-
cation with display (140) of control module (110). Option-
ally, a graphical processing module or graphical process-
ing feature may be usedin combination with display (140)
and data processor (410) to drive display (140). Gener-
ally, data processor (410) may be configured to drive
display (140) to communicate certain information to an
operator. For instance, data processor (410) may drive
display (140) to show graphical features associated with
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biopsy device (210) to illustrate operational conditions
such as the position of cutter (230) relative to lateral ap-
erture (226), the level of vacuum within needle assembly
(220) and/or cutter (230), the status of tissue sample
holder (240) with respect to tissue sample occupancy,
the particular mode of operation of biopsy device (210),
and/or etc. Additionally, data processor (410) may be
configured to drive display (140) to show specific user
interface screens associated with one or more operation-
al modes of biopsy device (210) as will be described in
greater detail below.

[0085] Data processor (410) may also be in communi-
cation with foot switch (260). Generally, data processor
(410) may be configured to receive one or more user
inputs from foot switch (260) to initiate one or more al-
gorithums in response to such user inputs. By way of
example only, depression of user input feature (266) may
send a signal to data processor (410). Upon receiving
the signal, data processor (410) may initiate a cutting
sequence algorithm where vacuum controller (420) and
cutter controller (430) are controlled by data processor
(410) in sequence to sever a tissue sample using cutter
(230) and transport the severed tissue sample through
cutter (230) using vacuum controlled by vacuum module
(420). Of course, various other algorithums may be initi-
ated by communication of signals from foot switch (260)
to data processor (410).

[0086] Signal processing system (400)furtherincludes
a communications port (470) in communication with data
processor (410). As can be seen, communication port
(470) may be used to couple signal processing system
(400) with a network (480) such as a hospital picture ar-
chiving and communication system (PACS). Thus, com-
munication port (470) may link signal processing system
(400) to a plurality of remote computers (482) and dis-
plays (484) for remote viewing of data associated with
biopsy system (10). Although the present example in-
cludes communications port (470), it should be under-
stood that communications port (470) is optional in other
examples and may be omitted.

[0087] FIGS. 14 shows an example of a home screen
(500) that may be communicated to an operator by dis-
play (140) via data processor (410). Home screen (500)
is generally configured to provide an initial operational
interface or landing page. From home screen (500), an
operator may select an operational mode from an array
of operationalmodes (510), activate one ormore features
using a toggle graphic (512), or adjust system settings
using a menu button (514). Additionally, home screen
(500) may include an instruction window (520), which
may include one or more graphical instructions for setting
up biopsy system (10).

[0088] Array of operational modules (510) of the
present version includes two buttons (522, 524) for se-
lection of a given operational mode. For instance, button
(522) may initiate an initialization mode, which may be
used to prepare biopsy device (210) for use in a biopsy
procedure. Additionally, button (524) may initiate an im-

10

15

20

25

30

35

40

45

50

55

13

aging mode. As will be described in greater detail below,
imaging mode may initiate an imaging mode algorithm,
which may be used to put control module (110) in an
operational state for limited interference with an MRI coil
such as MRI coil (152) described above.

[0089] FIG. 15 shows an example of a biopsy screen
(550) that may be communicated to an operator by dis-
play (140) via data processor (410). Biopsy screen (550)
is generally configured for use during a biopsy procedure
to facilitate operation of biopsy device (210). In particular,
biopsy screen (550) may include a mode pane (552), a
biopsy status pane (560), and an aperture setting pane
(570). Panes (552, 560, 570) are generally configured to
group various common user interface functions in partic-
ular groupings. Although certain specific panes (552,
560, 570) are shown in the present example, the partic-
ular panes (552, 560, 570) shown are merely optional
and any one or more of panes (552, 560, 570) may be
omitted in some versions.

[0090] Mode pane (552)is generally configured to per-
mit an operator to toggle various modes of operation us-
ing one or more buttons (554, 556, 558). For instance,
mode pane (552) includes a standby button (554), which
permits an operator to initiate control module (110) en-
tering a standby mode. Similarly, mode pane (552) fur-
ther includes an imaging mode button (556), which may
initiate the imaging mode. As will be described in greater
detail below, imaging mode may initiate the imaging
mode algorithm, which may be used to put control module
(110) in an operational state for limited interference with
an MRI coil such as MRI coil (152) described above. Fi-
nally, mode pane (552) includes an optional task light
button (558), which may be used to activate a task light
integrated into a portion of control module (110) or display
(140) itself when such a task light is included within con-
trol module (110).

[0091] Biopsy status pane (560) may be configured to
provide various status information related to biopsy de-
vice (210). For instance, biopsy status pane (560) may
include a graphical indicator showing the status of needle
assembly (220) and/or cutter (230). Biopsy status pane
(560) may further include an optional counter that may
be configured to automatically update each time a biopsy
sample is collected using biopsy device (210). In some
versions, the counter may include a reset button to permit
manual resetting.

[0092] Aperture setting pane (570) may be configured
to provide variable aperture functionality. For instance,
aperture setting pane (570) may include a graphical rep-
resentation of needle assembly (220) and cutter (230),
which may show the relative position of cutter (230) within
lateral aperture (226). Aperture setting pane (570) may
also include one or more buttons to adjust the distal re-
traction position of cutter (230), effectively changing the
size of lateral aperture (226). In the present version, ap-
erture setting pane (570) may permit adjustmentbetween
a full aperture position and a half aperture position. In
other versions, aperture setting pane (570) may include
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other settings such as quarter aperture, three quarter ap-
erture, and/or etc.

[0093] FIG. 16 shows an example of an imaging mode
algorithm (600) that may be initiated by control module
(110) using data processor (410) with input from display
(140). Imaging mode is generally configured to reduce
the electromagnetic footprint of control module (110) so
that control module (110) may be positioned within a por-
tion of an MRI suite proximate to an MRI coil without
interference with components of the MRI coil during op-
eration of the MRI coil. As will be described in greater
detail below, such a reduction in electromagnetic foot-
print may be achieved by data processor (410) adjusting
operations of data processoritself and various controllers
and/or interfaces (420, 430, 440, 450, 460) to reduce
electromagnetic noise generated by control module
(110).

[0094] As described above, imaging mode may be in-
itiated by an operator pressing any one of buttons (524,
556) on home screen (500) or biopsy screen (550). Ini-
tiation ofimaging mode is shownin FIG. 16 atblock (610).
Although not shown, it should be understood that other
user interface screens may also include a button config-
ured to activate imaging mode. The presence of a dedi-
cated imaging mode button on multiple user interface
screens is generally desirable to facilitate initiation of im-
aging mode at a variety of procedural steps during a bi-
opsy procedure such as during setup of control module
(110) and biopsy device (210), or during use of control
module (110) and biopsy device (210) during a biopsy
procedure. As will be appreciated, it may be desirable to
initiate imaging mode at a variety of points during a biopsy
procedure dependingonwhen an MRl coilisin use. Thus,
having a button configured to initiate imaging mode on
multiple screens may facilitate ease of use, as well as
provide a visual reminder to an operator to enter imaging
mode.

[0095] Once imaging mode is initiated, the current
state of control module (110) may be saved to memory
as shown in block (620). In particular, data processor
(410) may communicate with memory (412) to save the
current state of control module (110) to RAM. Alterna-
tively, in some versions, data processor (410) may in-
stead communicate with data storage (414) to save the
current state of control module (110) to long term mem-
ory. As will be described in greater detail below, saving
of this current state may facilitate waking of control mod-
ule (110) once imaging mode is deactivated.

[0096] Optionally, initiation of imaging mode can in-
clude a vent vacuum operation either before saving the
current state of control module (110) to memory or after
saving the current state. In some examples, the vent vac-
uum operation alternatively occurs immediately upon an
operator pressing buttons (524, 556) to enter imaging
mode. Regardless, the vent vacuum operation includes
cycling valve assembly (113) to vent needle assembly
(220) and or other portions of biopsy device (210). In
such a cycle, venting is applied for a predetermined time.
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Suitable predetermined times include, for example, 8
seconds, 8 or more seconds, 5 to 10 sections, 5 to 15
seconds, and/or etc. Regardless of the particular prede-
termined time, such venting is generally configured to
vent the majority of vacuum pressure from the system.
It should be understood that in some uses, vacuum pres-
sure may not be present in the system upon initiation of
imaging mode (e.g., initiation of imaging mode before
any biopsy has been performed). Thus, in some exam-
ples, the vent vacuum operation is only initiated from cer-
tain specific screes such as biopsy screen (550) using
button (556), while other screens such as home screen
(500) will omit the vent vacuum operation upon pressing
button (524).

[0097] After the current state of control module (110)
is saved, data processor (410) may toggle a sleep signal
as shown in block (630). The presence of the sleep signal
shown in block (630) may then initiate a sleep state within
various components of control module (110) as shown
in block (640).

[0098] Initiation of the sleep state shown at block (640)
may initiate shut off or reduce the functionality of various
features of control module (110) as shown in blocks (642,
644, 646). In particular, as can be seen at block (642),
data processor (410) itself may change from an active
state to a reduced function state. In the active state, data
processor (410) may be configured to operate at the nor-
mal operating frequency of data processor (410) (e.g.,
about 1.8 GHz or more). By contrast, in the reduced func-
tion state, the operating frequency of data processor
(410) may be substantially reduced. In the present ver-
sion, the operating frequency is reduced to about 32.768
kHz (about 32 kHz), or about 30 to 40 kHz in some ver-
sions. However, other reduced operating frequencies
may be used such as 50 kHz or less. Generally, the par-
ticular reduction in operating frequency is sufficient to
render operation of data processor (410) at a frequency
below the operation of MR coils (e.g., 1MHz to 300MHz).
As a result, any electromagnetic radiation generated by
data processor (410) may not interfere with the MRI coil
and be less susceptible to generating image artifacts.
[0099] As shown in block (644), initiation of the sleep
state may also include modifying the operation of voltage
controller (440). In particular, the processor voltage
board may remain at 12 volts. However, the power rails
for electromechanical systems may be powered off. For
instance, power to vacuum controller (420), vacuum
module (422), cutter controller (430), and/or etc. may be
powered off. Additionally, as shown at block 646), power
converters (450) may also be shutoff.

[0100] By powering off such electromechanical sys-
tems, electromagnetic radiation generated by control
module may be reduced. For instance, typical electronic
and electromechanical control systems may include a
plurality of clocks and conversion frequencies that may
generate radio frequency noise. Such noise may be in-
cidentally within the same range that typical MRI coils
operate within (e.g., 1MHz to 300MHz). Thus, by power-
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ing off such electromechanical systems, control module
(110) may produce less noise, particularly within the fre-
quency range used for operation of MRI coils.

[0101] Once the sleep state is achieved as shown in
blocks (642, 644, 646), only some components may re-
main active. Forinstance, as described above, data proc-
essor (410) may remain partially active. Power may still
also be supplied to data processor (410) at 12 volts. Ad-
ditionally, LED controller (460) may remain active. In par-
ticular, LED controller (460) may remain active to provide
a power button indicator oriented around or proximate to
power button (142). For instance, when control module
is in the sleep state, LED controller (460) may be used
to control LEDs to provide a visual indicator (e.g., pulsing)
that power button (142) may be used to wake control
module (110). In some examples, only power is provided
to the LEDs associated with power button (142). Mean-
while, control of such LEDs is provided by discrete logic.
[0102] The sleep state may be interrupted as shown
in block (650). In particular, the sleep state may be inter-
rupted by pressing power button (142). Once power but-
ton (142) is pressed, data processor (410) may receive
a wake signal. This wake signal may cause data proces-
sor (410) to first return to normal operating frequency.
Data processor may then return voltage controller (440)
and power converters (450) to their active states. This
may permit vacuum controller (420), vacuum module
(422) and cutter controller (430) to all return to their active
states. Finally, data processor (410) may retrieve the pre-
viously saved current state from memory (412) or data
storage (414) and cause control module (110) to return
to the operational state immediately prior to entering im-
aging mode.

[0103] Although imaging mode described above may
be activated or deactivated using a user input such as
an input from graphical buttons (524, 556) and/or phys-
ical button (142), imaging mode may be activated or de-
activated by other means in some versions. For instance,
data processor (410) may be configured to implement a
timeout counter. This timeout counter may be used to
automatically initiate imaging mode when no activity is
detected after a predetermined period of time. Such an
automatic initiation of imaging mode may be desirable to
prevent imaging artifacts even when an operator inad-
vertently fails to enter imaging mode. In addition, or in
the alternative, such a timeout counter may be used to
automatically shutoff control module (110) when no ac-
tivity is detected after a predetermined period of time.
Such an automatic shutoff may be desirable to prevent
battery drain. The particular predetermined time for au-
tomatic shutoff may be varied, but in some versions may
be a function of the time typically needed to conduct MRI
imaging.

[0104] Although imaging mode is described above in
the context of reduction of imaging artifacts during imag-
ing, it should be understood that one or more aspects of
imaging mode can be readily used in other circumstanc-
es. For instance, in some examples, imaging mode as
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described above, can be used for power savings regard-
less of whetherimagingis actively being performed. Pow-
er savings may be desirable where control module (110)
is battery powered to conserve battery power for func-
tions such as collecting biopsy samples. Thus, in some
circumstances, imaging mode can be referred to as a
sleep function, which can be activated at any time control
module (110) is not in active use either automatically,
with user input, or some combination thereof.

IV. Exemplary Combinations

[0105] The following examples relate to various non-
exhaustive ways in which the teachings herein may be
combined or applied. It should be understood that the
following examples are not intended to restrict the cov-
erage of any claims that may be presented at any time
in this application or in subsequent filings of this applica-
tion. No disclaimer is intended. The following examples
are being provided for nothing more than merely illustra-
tive purposes. It is contemplated that the various teach-
ings herein may be arranged and applied in numerous
other ways. It is also contemplated that some variations
may omit certain features referred to in the below exam-
ples. Therefore, none of the aspects or features referred
to below should be deemed critical unless otherwise ex-
plicitly indicated as such at a later date by the inventors
or by a successorininterest to the inventors. If any claims
are presented in this application or in subsequent filings
related to this application that include additional features
beyond those referred to below, those additional features
shall not be presumed to have been added for any reason
relating to patentability.

Example 1

[0106] A control module for use in a magnetic reso-
nance imaging (MRI) guided biopsy procedure using an
MRI coil, the control module comprising: a body, includ-
ing: one or more ports configured to couple the control
module to a biopsy device, and a display configured to
output one or more biopsy device status indicators; and
a plurality of MRI compatibility features, the MRI compat-
ibility features being configured to reduce an electromag-
netic footprint of the control module.

Example 2

[0107] The control module of Example 1, the plurality
of MRI compatibility features including one or more data
processors, the one or more data processors being con-
figured to initiate an imaging mode.

Example 3
[0108] The control module of Example 1, the plurality

of MRI compatibility features including one or more data
processors, the one or more data processors being con-
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figured to: initiate an imaging mode; power off one or
more electromechanical control systems in response to
initiation of the imaging mode; and enter a reduced func-
tion mode in response to initiation of the imaging mode.

Example 4

[0109] The control module of Example 3, the one or
more data processors having an operational frequency
of about 30 to 40kHz in the reduced function mode.

Example 5

[0110] The control module of any of Examples 3 or 4,
the one or more data processors being further configured
to initiate the imaging mode in response to a user input.

Example 6

[0111] The control module of any of Examples 3
through 5, the one or more data processors being further
configured to initiate the imaging mode after no activity
associated with the control module is detected for a pre-
determined period of time.

Example 7

[0112] The control module of any of Examples 1
through 7, the plurality of MRI compatibility features in-
cluding a control module structural layout, the control
module structural layout being configured with high-den-
sity ferrous components oriented proximate a bottom por-
tion of the control module.

Example 8

[0113] The control module of Example 7, the high-den-
sity ferrous components including one or more motors or
one or more vacuum pumps.

Example 9

[0114] The control module of any of Examples 7 or 8,
the control module structural layout further including one
or more linkages, the one or more linkages being config-
ured to communicate rotary power from a lower portion
of the control module to an upper portion of the control
module.

Example 10

[0115] The control module of any of Examples 7
through 9, the control module structural layout further
including a non-magnetic metal base, a plurality of non-
magnetic metal structural members extending upwardly
from the base, and a plurality of non-magnetic body pan-
els disposed between the plurality of structural members.
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Example 11

[0116] The control module of any of Examples 1
through 10, the plurality of MRI compatibility features fur-
ther including a rotary drive cable, the rotary drive cable
being configured to communicate mechanical power to
the biopsy device, the rotary drive cable defining a length,
the length being about two times the height of the control
module or less.

Example 12

[0117] The control module of Example 11, the rotary
drive cable including phosphor bronze.

Example 13

[0118] The control module of any of Examples 1
through 12, the plurality of MRI compatibility features in-
cluding the control module being configured to operate
using direct current.

Example 14

[0119] The control module of any of Examples 9
through 13, the plurality of MRI compatibility features in-
cluding a battery compartment and a battery received
within the battery compartment, the battery compartment
including a door and a lock mechanism, the lock mech-
anism being configured to lock the door to thereby en-
close the battery within the battery compartment.

Example 15

[0120] The control module of Example 1, the lock
mechanism being configured to lock the door automati-
cally in response to the presence of an electromagnetic
field.

Example 16

[0121] A biopsy system for performing a magnetic res-
onance imaging (MRI) guided biopsy procedure within
an MRI suite, the MRI suite including an MRI coil, the
system comprising: a biopsy device including a probe,
the probe including probe body, a needle extending from
the probe body, and a cutter movable relative to the nee-
dle to sever one or more tissue samples; a control mod-
ule, the control module including one or more motors,
the one or more motors being oriented proximate a base
of the control module; and a cable extending from the
control module to the biopsy device, the cable being con-
figured to communicate power from the control module
to the biopsy device.

Example 17

[0122] The system of Example 16, the biopsy device
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including only non-magnetic materials.
Example 18

[0123] The system of Examples 16 or 17, further com-
prising a foot switch, the foot switch being in communi-
cation with the control module to control one or more
functions of biopsy device via the control module, the foot
switch including only MRI compatible materials.

Example 19

[0124] The system of any of Examples 16 through 18,
the control module further including a data processor and
a motor controller in communication with the one or more
motors, the data processor being configured to initiate
an imaging mode, the data processor being further con-
figured to disable the motor controller upon initiation of
the imaging mode.

Example 20

[0125] The system of any of Examples 16 through 18,
the control module further including a display, a data
processor in communication with the display, and a plu-
rality of controllers in communication with the data proc-
essor, the display being configured to depict a plurality
of user interface screens, each user interface screen of
the plurality of user interface screens including an imag-
ing mode button, the imaging mode button of each user
interface screen being configured to provide an input to
the data processor to initiate an imaging mode, the data
processor being configured to disable one or more con-
trollers of the plurality of controllers when initiating the
imaging mode.

Example 21

[0126] The system of Example 20, the data processor
being further configured to transition from an active mode
to a reduced function mode when initiating the imaging
mode, the data processor having an active operating fre-
quency corresponding to the active mode, the data proc-
essorhaving areduced function operating frequency cor-
responding to the reduced function mode, the reduced
function operating frequency being less than the active
operating frequency.

Example 22

[0127] Amethod ofincreasing magnetic resonanceim-
aging (MRI) compatibility of a control module of a biopsy
system for use of the control module proximate to an MRI
coil, comprising: initiating an imaging processing mode
by communicating a signal to a data processor; saving
a current state of the control module to memory; gener-
ating a sleep signal using the data processor; and initi-
ating a sleep state within the control module by fully or
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partially disabling one or more components of the control
module.

Example 23

[0128] The method of Example 22, the step of initiating
the sleep state including transitioning the data processor
from an active state to a reduced function state.

Example 24

[0129] The method of Examples 23, the reduced func-
tion state of the data processor having an operating fre-
quency less than an operating frequency of the active
state.

Example 25

[0130] The method of any of Examples 22 through 24,
the step of initiating the sleep state including disabling
one or more power rails in communication with one or
more controllers.

Example 26

[0131] The method of any of Examples 22 through 24,
the step of initiating the sleep state including disabling a
power rail in communication with a cutter controller and
disabling a power rail in communication with a vacuum
controller.

Example 27

[0132] The method of any of Examples 22 through 26,
the step of initiating the sleep state including disabling
one or more power converters.

Example 28

[0133] The method of any of Examples 22 through 27,
further comprising communicating a wake signal to the
data processor, and enabling the one or more compo-
nents of the control module disabled or partially disabled
during the step of initiating the sleep state.

Example 29

[0134] The method of any of Examples 22 through 28,
further comprising powering off the control module after
detection of inactivity of the control module for a prede-
termined period of time.

VI. Conclusion

[0135] It should be appreciated that any patent, publi-
cation, or other disclosure material, in whole or in part,
that is said to be incorporated by reference herein is in-
corporated herein only to the extent that the incorporated
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material does not conflict with existing definitions, state-
ments, or other disclosure material set forth in this dis-
closure. As such, and to the extent necessary, the dis-
closure as explicitly set forth herein supersedes any con-
flicting material incorporated herein by reference. Any
material, or portion thereof, that is said to be incorporated
by reference herein, but which conflicts with existing def-
initions, statements, or other disclosure material set forth
herein will only be incorporated to the extent that no con-
flict arises between that incorporated material and the
existing disclosure material.

[0136] Having shown and described various embodi-
ments of the present invention, further adaptations of the
methods and systems described herein may be accom-
plished by appropriate modifications by one of ordinary
skill in the art without departing from the scope of the
presentinvention. Several of such potential modifications
have been mentioned, and others will be apparent to
those skilled in the art. For instance, the examples, em-
bodiments, geometrics, materials, dimensions, ratios,
steps, and the like discussed above are illustrative and
are not required. Accordingly, the scope of the present
invention should be considered in terms of the following
claims and is understood not to be limited to the details
of structure and operation shown and described in the
specification and drawings.

Claims

1. A control module for use in a magnetic resonance
imaging (MRI) guided biopsy procedure using an
MRI coil, the control module comprising:

(a) a body, including:

(i) one or more ports configured to couple
the control module to a biopsy device, and
(ii) a display configured to output one or
more biopsy device status indicators; and

(b) a plurality of MRI compatibility features, the
MRI compatibility features being configured to
reduce an electromagnetic footprint of the con-
trol module.

2. The control module of claim 1, the plurality of MRI
compatibility features including one or more data
processors, the one or more data processors being
configured to initiate an imaging mode.

3. The control module of claim 1, the plurality of MRI
compatibility features including one or more data
processors, the one or more data processors being
configured to:

initiate an imaging mode;
power off one or more electromechanical control
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10.

1.

12.

13.

34

systems in response to initiation of the imaging
mode; and

enter a reduced function mode in response to
initiation of the imaging mode.

The control module of claim 3, the one or more data
processors having an operational frequency of about
30 to 40kHz in the reduced function mode.

The control module of any of claims 3 or 4, the one
or more data processors being further configured to
initiate the imaging mode in response to a user input.

The control module of any of claims 3 through 5, the
one or more data processors being further config-
ured to initiate the imaging mode after no activity
associated with the control module is detected for a
predetermined period of time.

The control module of any of claims 1 through 7, the
plurality of MRI compatibility features including a
control module structural layout, the control module
structural layout being configured with high-density
ferrous components oriented proximate a bottom
portion of the control module.

The control module of claim 7, the high-density fer-
rous components including one or more motors or
one or more vacuum pumps.

The control module of any of claims 7 or 8, the control
module structural layout further including one or
more linkages, the one or more linkages being con-
figured to communicate rotary power from a lower
portion of the control module to an upper portion of
the control module.

The control module of any of claims 7 through 9, the
control module structural layout further including a
non-magnetic metal base, a plurality of non-magnet-
ic metal structural members extending upwardly
from the base, and a plurality of non-magnetic body
panels disposed between the plurality of structural
members.

The control module of any of claims 1 through 10,
the plurality of MRI compatibility features further in-
cluding a rotary drive cable, the rotary drive cable
being configured to communicate mechanical power
to the biopsy device, the rotary drive cable defining
alength, the length being about two times the height
of the control module or less.

The control module of claim 11, the rotary drive cable
including phosphor bronze.

The control module of any of claims 1 through 12,
the plurality of MRI compatibility features including



14.

15.
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the control module being configured to operate using
direct current.

The control module of any of claims 9 through 13,
the plurality of MRI compatibility features including
a battery compartment and a battery received within
the battery compartment, the battery compartment
including a door and a lock mechanism, the lock
mechanism being configured to lock the door to
thereby enclose the battery within the battery com-
partment.

The control module of claim 1, the lock mechanism
being configured to lock the door automatically in
response to the presence of an electromagnetic field.
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