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ABSTRACT (57) 
A biopsy system is disclosed that has a tissue removal system, 
an imaging system, 

One Embarcadero Center, Suite 562 
San Francisco, CA 94111 an image display system and a common 

input console for these systems. The tissue removal system 
(73) Assigneez SENORX, Inc_ can have a mechanical tissue cutting blade or an electrosur 

gical cutting element and the tissue removal system is capable 
(21) Appl NO . 11/980 308 of handling both tissue cutting con?gurations. The imaging 

' ii i system is preferably an ultrasound imaging system and the 

(22) F 11 e d: Oct 30, 2007 image display system has a video screen for displaying diag 
nostic ultrasound images from an ultrasound probe. The com 
mon input console preferably has a touch screen display and 
a keyboard to facilitate operation of the tissue removal sys 

Related US. Application Data 

(62) Division ofapplication No. 11/810,425, ?led on Jun. 5 tem, the ultrasound imaging system and the image display 
system from the same console. 
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BIOPSY SYSTEM WITH INTEGRATED 
IMAGING 

RELATED APPLICATIONS 

[0001] This application is related to provisional application 
Ser. No. 60/810,906, ?led on Jun. 5, 2006, Which is incorpo 
rated herein in its entirety and Which is relied upon for prior 
1ty. 

FIELD OF THE INVENTION 

[0002] This invention is directed to systems and methods 
for imaging and removing tissue from a location Within a 
patient and particularly to a biopsy system Which has an 
integrated imaging system. 

BACKGROUND OF THE INVENTION 

[0003] Currently, to ?nd suspicious areas or lesions, one or 
more imaging systems are used to locate the area or lesion of 
interest and may be used to guide the biopsy probe of a biopsy 
systems to and/or near the area or lesion of interest. Subse 
quently, tissue samples are removed and often, particularly in 
the case of breast biopsy, markers are placed at the site of the 
lesion removal. 
[0004] Existing biopsy systems such as the EnCor® biopsy 
system manufactured by SenoRx, Inc. (the present assignee) 
and other commercially available systems are “stand alone” 
biopsy systems. Diagnostic imaging systems such as an ultra 
sound, X-ray, MRI, PET, CT, Thermal, etc. are separate 
devices frequently requiring substantial “?oor space” in 
patient treatment and/or diagnosis rooms in clinical settings 
such as clinician o?ices, breast centers, hospitals, etc. Por 
table imaging systems are available but they can require addi 
tional operators other than the physician or other medical 
practitioner Who is performing the biopsy. 

SUMMARY OF THE INVENTION 

[0005] A biopsy system embodying features of the inven 
tion includes a tissue removal system, an imaging system, an 
image display system and a common input console for the 
tissue removal system, the imaging system and the image 
display system. 
[0006] The tissue removal system is suitable for use With 
one or more tissue removal probes. The imaging system is 
preferably an ultrasonic imaging system. The imaging system 
is con?gured to display images taken by the imaging system. 
The common input console is con?gured for imputing control 
or operational data to the tissue removal system, the imaging 
system and the image display system. 
[0007] The tissue removal system has a programmable con 
trol module (microprocessor), at least one peripheral module 
for providing a vacuum to the tissue removal system and a 
plurality of connecting modules con?gured to receive one or 
more tissue removing probes. The individual probes prefer 
ably have softWare scripts stored in a memory device Within 
the probe for operating the probe, controlling the functional 
ities of the probe and to provide pertinent information to the 
control module When connected thereto. 
[0008] The imaging system has a programmable control 
module (microprocessor) for controlling the imaging system 
providing imaging data to a main computer module for the 
image display system. Preferably the imaging system has a 
plurality of connecting modules Which alloW for use of a 
plurality of different imaging probes (e.g ultrasound probes). 
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For example, the ultrasound probes may have different siZed 
or different shaped, e.g. ?at or curved, ultrasonic transducer 
surfaces. 
[0009] The biopsy system preferably has a main computer 
module Which has communication links With the tissue 
removal system and the imaging system. 
[0010] The common input console typically includes a key 
board and/or a touch screen display Which alloWs a single 
operator to handle the tissue removal system the imaging 
system and the image display system. Moreover, the tissue 
removal system and the imaging system may be used alone. 
[0011] The biopsy system preferably has the tissue removal 
system, the imaging system and the image display system 
mounted on a movable base such as a Wheeled cart, so as to be 

easily transported to different locations. The biopsy system is 
small enough to provide a small foot-print in treatment 
rooms. 

[0012] A number of potential diagnostic ultrasound sys 
tems are available commercially that can be used in a biopsy 
system embodying features of the invention, including: 
Sonosite, Alora, Toshiba, Siemens, GE, Philips, Acuson, 
ATL, HP, Medison, ShimadZu, HDAC and Hitachi. One par 
ticularly suitable ultrasound imaging system Which can be 
packaged in a much smaller housing yet provides a high 
resolution, high image quality capability that may be readily 
adaptable to a combined biopsy system is available from the 
ULTRASONIX MEDICAL CORPORATION OF BRITISH 
COLUMBIA (Burnaby) Canada. See WWW.ultrasoniX.com. 
Details of the ULTRASONIX imaging system can be found 
in the folloWing patents and published applications Which are 
incorporated herein in their entirety: 

U.S. Pat. NO. 6,558,326 
U.S. Pat. NO. 6,911,008 
U.S. Pat. NO. 6,325,759 
U.S. Pat. Pub. NO. 2002/000719A1 
U.S. Pat. Pub. NO. 2004/0193047 A1 
U.S. Pat. Pub. NO. 2004/0122314 A1 

[0013] A particularly suitable tissue removal system is the 
EnCor® and SenoCor 360® biopsy systems available from 
SenoRx, Inc. (the present assignee) of Aliso Viejo, Calif. 
Details of the EnCor® and SenoCor® biopsy systems can be 
found in the following US. patent and published applica 
tions: 

U.S. Pat. NO. 6,620,157 
U.S. Pat. Pub. NO. 2004/0138653 
U.S. Pat. Pub. NO. 2005/0004559 
U.S. Pat. Pub. NO. 2005/0159677 
U.S. Pat. Pub. NO. 2006/0149162 

See WWW.sensorX.com for details of the EnCor® and Seno 
Cor 360® biopsy systems. 

[0014] With the present biopsy system the clinician can 
identify the outline of the ultrasound image and then deter 
mine the path of tissue removal probe, eg an RF cutter or 
mechanical cutter (see listed publications and patents) on the 
image display. Additionally, the common input console 
alloWs the clinician to input information to the tissue control 
system, the imaging system and the image display system. 
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These and other advantages Will become more apparent from 
the following detailed description of embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a front perspective vieW of a biopsy system 
Which has a tissue removal system and an ultrasonic imaging 
system embodying features of the invention. 
[0016] FIG. 2 is a rear perspective vieW of the biopsy sys 
tem shoWn in FIG. 1 shoWing one side of the system. 
[0017] FIG. 3 is a rear perspective vieW of the biopsy sys 
tem shoWn in FIG. 1 shoWing the side opposite to that shoWn 
in FIG. 2. 
[0018] FIG. 4 is a side vieW ofthe biopsy system shoWn in 
FIG. 1. 
[0019] FIG. 5 depicts a touch-display screen Which alloWs 
operation of both the tissue removal system and the imaging 
system of the biopsy system shoWn in FIG. 1. 
[0020] FIG. 6 is a general block diagram of a biopsy system 
embodying features of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0021] FIGS. 1-5 illustrate a biopsy system 10 that embod 
ies features of the invention. The system 10 has a tissue 
removal system 11, an imaging system 12, display screen 13 
and a common input console 14 With a keyboard 15 and a 
touch-screen display 16. The biopsy system 10 is mounted on 
a cart 17 Which has Wheels 18 at each comer for portability. 
The input console 14 has probe holders 20 for holding ultra 
sonic probes and tissue removal probes (not shoWn). 
[0022] The tissue removal system 11 has connecting mod 
ules 21 and 22 that are con?gured to receive tissue removal 
probes (not shoWn) such as the probes for EnCor® and Seno 
Cor 360® probes Which are available from SenoRx, Inc., the 
present assignee. The imaging system 12 has connecting 
modules 23, 24 and 25 for connecting With different suitable 
ultrasonic probes, such as broadband transducers L 14-5/38, 
L l4-5W/ 60 and C 5-2/ 60 available from Ultrasonix Medical 
Corporation. The ?rst tWo are linear array type transducers 
and the latter is a curved array type transducer. 
[0023] FIG. 6 is a general block diagram of the biopsy 
system 10 shoWn in FIG. 1 Which has a tissue removal system 
11, an ultrasonic imaging system 12 and a main computer 
module 30 and an image display screen. The tissue removal 
system 11 of system 10 has a tissue removal control module 
31, a vacuum module 32 for vacuum operations and tissue 
removal connector module 33 probe connectors 21 and 22. 
The vacuum module 32 has a vacuum line, a valve operated 
by the tissue removal control module 31 and a vacuum source 
(e. g. a connection to a vacuum line or a vacuum pump) Which 
are not shoWn. The imaging system 12 has an ultrasound 
control module 34 for ultrasonic emission and reception and 
an interface With the main computer module 30. An ultra 
sound connector module 35 is in communication With the 
ultrasound control module and has ultrasound probe connec 
tors 23, 24 and 25. Output from the main computer module 30 
related to the imaging input data thereto from the ultrasound 
control module is directed through a communication link to 
the image display screen 13 to display ultrasonic diagnostic 
images from an ultrasonic probe (not shoWn) connected to 
one of the ultrasound probe connectors 23, 24 or 25. 
[0024] The input console 14 is connected via a communi 
cation link to the main computer module 30 Which in turn has 
communication links to the tissue removal control module 31 

Jun. 5, 2008 

and the ultrasound control module 34. This alloWs the single 
input console 14 to be employed to control both the tissue 
removal system 11 and the imaging system 12. The main 
display screen 13 is positioned right above the input console 
14 so that a single operator may easily operate both the tissue 
removal system 11 and the ultrasound imaging system 12 
from a single console. Further details of the tissue removal 
system can be found in patents and published applications of 
SenoRx, Inc. previously referred to and incorporated herein. 
[0025] The ultrasound imaging system 12 for producing 
ultrasound images has ultrasound control module 34 is 
coupled to a ultrasound connector module 35 has probe con 
nectors 23, 24 and 24 to Which may be connected an ultra 
sound probe (not shoWn) The probe generates and receives 
acoustic signals. The acoustic signals that are generated by 
the probe are directed toWards a body region of a patient, e.g. 
breast, and some of the acoustic signals are re?ected back to 
the probe as echo signals. The echo signals obtained by the 
probe are sent back to the ultrasound control module 34 Which 
processes the echo signals to extract data that is sent to the 
main computer module 30. The main computer module 30 
performs a display data processing in real-time Which is sent 
to the ultrasound display screen 13 Where an ultrasound diag 
nostic image is displayed. See US. Pat. No. 6,325,759, for 
example, Which is incorporated herein by reference. Input 
console 14 alloWs the user to interact With the main computer 
module and modify the ultrasound con?guration. Further 
details of the ultrasound imaging system can be found in the 
patents and published applications of Ultrasonix previously 
referred to and incorporated herein. 
[0026] In the embodiment shoWn in FIG. 6, only the 
vacuum control module 32 and the tissue removal control 
modules 32 are shoWn. HoWever, additional modules may be 
provided, for example modules for a temperature probe, a 
heart rate monitor device, a drug infusion tools, anesthesia 
tools, or other surgical or medical devices that may operate 
With the biopsy system 10. They may be connected to the 
tissue removal control module 31 or directly to the main 
computer module 30. The tissue removal devices connected 
to the tissue removal connector module 33 may have 
mechanical tissue cutting members or radio frequency (RF) 
poWered electrosurgical cutting members for performing the 
surgery. It is to be understood that other peripheral modules 
can be of different forms and functions, and they may not be 
required to be physically connected to the tissue removal 
control module 31 or the ultrasound control module 34 or 
directly to the main computer module 30 so as to communi 
cate thereWith. 

[0027] The tissue removal control module 31 is a micro 
processor-based electrical device With built-in softWare func 
tions necessary to operate various handheld devices for both 
tissue removal. Each handheld device preferably contains a 
softWare script, stored in a memory device Within the hand 
held device, for operating that particular device When con 
nected to the tissue removal control module. For example, the 
said softWare script may be stored in non-volatile memories 
such as erasable programmable read only memories 
(EPROMs), electrically erasable programmable read only 
memories (EEPROMs) or ?ash memories. When a handheld 
device is indirectly connected to the tissue removal control 
module 31, the softWare script Within the handheld device 
Will be doWnloaded into the tissue removal control module. 
This softWare script Will enable the tissue removal control 
module 31 to control the functionalities of a particular hand 
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held device. Connection to the main computer module 30 
allows the touch screen 14 to display its pertinent information 
and alloW control input through either the touch screen or the 
keyboard 15. During the operation of a handheld device, a 
graphical user interface (GUI) software Will display informa 
tion on the touch screen 14 relevant to the operation of the 
tissue removal control module 31 and the handheld device to 
the operator. It is understood by those skilled in the art that the 
information displayed may vary depending upon the type of 
handheld device connected, the operational state of the hand 
held device as Well as other environmental factors affecting 
the operation of both the handheld device and the main com 
puter module 30. 

[0028] It is understood that although the various modules 
and the handheld devices for either the tissue removal system 
11 or the ultrasound image system 12 may be interconnected 
through Wired connections (including connector modules and 
Wires) for their operations, the communication links can be 
easily implemented through Wireless communications. HoW 
ever, the conventional Wired connections have certain advan 
tages such as loW signal interferences, but the Wireless tech 
nology can turn the operation of the handheld device to a 
more mobile operation, Which bene?ts the operator as Well. 
For example, almost all the control signals can be sent 
through a predetermined Wireless communication channel 
using technologies such as Bluetooth or 802.11 compliant 
Wireless technologies. When the handheld device is battery 
poWered, then the operation may be completely mobile. It is 
also practical that the Wired communication channels may be 
used together With the Wireless communication channels so 
that the tissue removal control module can take advantage of 
the available Wireless technologies for providing convenience 
to the operator, While still bene?ting from using some con 
ventional Wired technologies. In short, While the examples 
provided herein illustrate embodiments having features of the 
invention, it should be understood that communications 
betWeen devices can take various forms and the main com 
puter module 30, the tissue removal control module 31 and 
the ultrasound control module 33 are designed to use the most 
practical technologies for ful?lling the need of the operators. 
[0029] The biopsy system may be poWered by a single 
poWer source (not shoWn) or can have multiple poWer sources 
for various functions. For example, the tissue removal system 
11 and the ultrasound imaging system 12 may have separate 
poWer sources. 

[0030] While particular forms of the invention have been 
illustrated and described herein, it Will be apparent that vari 
ous modi?cations and improvements can be made to the 
invention. For example, the discussion herein has focused on 
ultrasound imaging. Those having ordinary skill in the art Will 
recogniZe that other imaging systems may be employed, for 
example x-ray or mammographic imaging. To the extent not 
previously described, the various elements of the biopsy sys 
tem may be made from conventional materials used in similar 
devices. Moreover, individual features of embodiments of the 
invention may be shoWn in some draWings and not in others, 
but those skilled in the art Will recogniZe that individual 
features of one embodiment of the invention can be combined 
With any or all the features of another embodiment. Accord 
ingly, it is not intended that the invention be limited to the 
speci?c embodiments illustrated. It is therefore intended that 
this invention be de?ned by the scope of the appended claims 
as broadly as the prior art Will permit. 
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[0031] Terms such as “element , member , component”, 

“device”, “means”, “manufacture”, “portion”, “section”, 
“steps” and Words of similar import When used herein shall 
not be construed as invoking the provisions of 35 U.S.C. 
§ll2(6) unless the folloWing claims expressly use the terms 
“means for” or “step for” folloWed by a particular function 
Without reference to a speci?c structure or action. All patents 
and all patent applications referred to above are hereby incor 
porated by reference in their entirety. 

1. A biopsy system, comprising: 
a. a main computer module; 
b. a tissue removal system Which has a tissue removal 

control module in communication With the main com 
puter module, a vacuum module in communication With 
the tissue removal control module, a ?rst connector 
module Which is con?gured to form a ?rst communica 
tion link betWeen a tissue removal probe and the tissue 
removal control module and a second communication 
link betWeen the vacuum control module and the tissue 
removal control module; 

b. an ultrasonic imaging system Which has a ultrasound 
control module in communication With the main com 
puter module, a connector module con?gured to form a 
communication link betWeen an ultrasonic imaging 
probe and the ultrasonic control module; 

c. an image display screen in communication With the main 
computer module con?gured to display an ultrasonic 
image display based upon data received from an ultra 
sound probe data and processed by the main computer 
module; and 

d. an input console in communication With the main com 
puter module to provide control information for the 
ultrasound control module of the imaging system and to 
provide control information for the tissue removal con 
trol module of the tissue removal system. 

2-44. (canceled) 
45. A method of taking a biopsy specimen from a biopsy 

site Within a patient, comprising: 
a. providing a biopsy system having 

a main computer module, 
a tissue removal system Which has tissue removing 

device, a tissue removal control module in communi 
cation With the main computer module Which controls 
the tissue removal system, a vacuum module in com 
munication With the tissue removal control module, a 
?rst connector module Which is con?gured to form a 
?rst communication link betWeen a tissue removal 
probe and the tissue removal control module and a 
second communication link betWeen the vacuum con 
trol module and the tissue removal control module; 

an ultrasonic imaging system Which has a ultrasound 
control module in communication With the main com 
puter module, a connector module con?gured to form 
a communication link betWeen an ultrasonic imaging 
probe and the ultrasonic control module; 

an image display screen in communication With the 
main computer module con?gured to display an ultra 
sonic image display based upon data received from an 
ultrasound probe data and processed by the main 
computer module; and 

an input console in communication With the main com 
puter module to provide control information for the 
ultrasound control module of the imaging system and 
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to provide control information for the tissue removal 
control module of the tissue removal system; 

b. inserting the tissue removing device into the patient and 
advancing the device With the aid of the ultrasonic imag 
ing system While observing the ultrasonic image on the 
image display screen; 

c. operating the tissue removal device through the tissue 
removal module to remove a tissue specimen from sur 
rounding tissue; and 

d. applying a vacuum to the tissue site and controlling the 
vacuum applied through the vacuum control module. 

46. The biopsy method of claim 45 Wherein the main com 
puter module communicates through a ?rst communication 
link With the tissue removal control module and through a 
second communication link With ultrasound control module 
to interchange data therebetWeen. 

47. The biopsy method of claim 46 Wherein the communi 
cation betWeen the main computer module and the tissue 
removal control module is through a serial cable. 

48. The biopsy method of claim 45 Wherein the ultrasound 
control module communicates With the main computer mod 
ule through an interface module therebetWeen. 

49. The biopsy method of claim 45 Wherein a vacuum is 
developed Within the tissue removal device through the 
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vacuum module Which has a vacuum line con?gured to 
engage the tissue removal probe and a How control valve in 
the vacuum line Which is controlled by the tissue removal 
control module. 

50. The biopsy method of claim 49 Wherein a vacuum 
source is in communication With the vacuum line. 

51. The biopsy method of claim 45 Wherein the tissue 
removal system, the ultrasound imaging system and the input 
console are mounted on a movable cart and the movable cart 
is moved to a location adjacent to the patient. 

52. The biopsy method of claim 45 Wherein the ultrasonic 
imaging system and the tissue removal system are operated 
simultaneously. 

53. The biopsy method of claim 45 Wherein the image 
display screen displays an ultrasound image based upon data 
received from the ultrasound probe. 

54. The biopsy method of claim 1 Wherein the input con 
sole provides control information for the ultrasound control 
module of the imaging system and provides control informa 
tion for the tissue removal control module of the tissue 
removal system. 


