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(57) ABSTRACT 

A Surgical device is disclosed. The Surgical device comprises 
a housing, a cutting element, a spool, a piston, and a spring. 
The cutting element extends from the housing at the distal end 
of the housing. The cutting element comprises an outer can 
nula and an inner cannula. The spool is engaged with the outer 
cannula. The piston is engaged with the inner cannula. A 
spring is positioned between the spool and the piston. The 
spool is translated distally to translate the outer cannula 
towards the distal end. And the piston translates the inner 
cannula towards the distal end to sever tissue. 
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SURGICAL SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of U.S. Ser. No. 
1 1/865,092, with a filing date of Oct. 1, 2007, which is related 
to U.S. Ser. No. 1 1/875,560, with a filing date of Oct. 19, 
2007, which applications are hereby incorporated by refer 
ence in their entirety. 

FIELD 

0002 This disclosure relates to biopsy instruments and 
methods for taking a biopsy. More specifically, this disclosure 
relates to disposable biopsy devices for removing several 
tissue samples using a single insertion. 

BACKGROUND INFORMATION 

0003. In the diagnosis and treatment of breast cancer, it is 
often necessary to remove multiple tissue samples from a 
Suspicious mass. The Suspicious mass is typically discovered 
during a preliminary examination involving visual examina 
tion, palpitation, X-ray, MRI, ultrasound imaging or other 
detection means. When this preliminary examination reveals 
a Suspicious mass, the mass must be evaluated by taking a 
biopsy in order to determine whether the mass is malignant or 
benign. Early diagnosis of breast cancer, as well as other 
forms of cancer, can prevent the spread of cancerous cells to 
other parts of the body and ultimately prevent fatal results. 
0004. A biopsy of the breast, for example, can be per 
formed by either an open procedure or a percutaneous 
method. The open Surgical biopsy procedure first requires 
localization of the lesion by insertion of a wire loop, while 
using a visualization technique. Such as X-ray or ultrasound. 
Next, the patient is taken to a Surgical room where a large 
incision is made in the breast, and the tissue Surrounding the 
wire loop is removed. This procedure causes significant 
trauma to the breast tissue, often leaving disfiguring results 
and requiring considerable recovery time for the patient. This 
is often a deterrent to patients receiving the medical care they 
require. The open technique, as compared to the percutaneous 
method, presents increased risk of infection and bleeding at 
the sample site. Due to these disadvantages, percutaneous 
methods are often preferred. 
0005 Percutaneous biopsies have been performed using 
either fine needle aspiration or core biopsy in conjunction 
with realtime visualization techniques, such as ultrasound, 
mammography (X-ray). MRI, PET, CT, terahertz technolo 
gies, etc. Fine needle aspiration involves the removal of a 
Small number of cells using an aspiration needle. A smear of 
the cells is then analyzed using cytology techniques. 
Although fine needle aspiration is less intrusive than an open 
procedure, only a small amount of cells are available for 
analysis. In addition, this method does not provide for a 
pathological assessment of the tissue, which can provide a 
more complete assessment of the stage of the cancer, if found. 
In contrast, in core biopsy a larger fragment of tissue can be 
removed without destroying the structure of the tissue. Con 
sequently, core biopsy samples can be analyzed using a more 
comprehensive histology technique, which indicates the 
stage of the cancer. In the case of Small lesions, the entire 
mass may be removed using the core biopsy method. For 
these reasons core biopsy is preferred, and there has been a 
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trend towards the core biopsy method, so that a more detailed 
picture can be constructed by pathology of the disease's 
progress and type. 
0006. The first core biopsy devices were of the spring 
advanced, “Tru-Cut' style consisting of a hollow tube with a 
sharpened edge that was inserted into the breast to obtain a 
plug of tissue. This device presented several disadvantages. 
First, the device would sometimes fail to remove a sample, 
therefore, requiring additional insertions. This was generally 
due to tissue failing to prolapse into the sampling notch. 
Secondly, the device had to be inserted and withdrawn to 
obtain each sample, therefore, requiring several insertions in 
order to acquire Sufficient tissue for pathology. 
0007 Vacuum assisted core biopsy devices were subse 
quently developed that required only a single insertion into 
the biopsy site to remove multiple tissue samples. An example 
of a vacuum assisted core biopsy device incorporates a tube 
within a tube design that includes an outer piercing needle 
having a sharpened end for piecing the tissue. The outer tube 
has an opening for receiving tissue. An inner tube is slidingly 
disposed within the outer tube, and serves to cuttissue that has 
prolapsed into the opening in the outer cannula. A vacuum is 
used to draw the tissue into the opening in the outer cannula. 
0008 Vacuum assisted core biopsy devices are available 
in handheld (for use with ultrasound) and stereotactic (for use 
with X-ray) versions. Stereotactic devices are mounted to a 
Stereotactic unit that locates the lesion and positions the 
needle for insertion. In preparation for a biopsy using a ster 
eotactic device, the patient lies face down on a table and the 
breast protrudes from an opening in the table. The breast is 
then compressed and immobilized by two mammography 
plates. The mammography plates create images that are com 
municated in real-time to the stereotactic unit. The stereotac 
tic unit then signals the biopsy device and positions the device 
for insertion into the lesion by the operator. 
0009. In contrast, when using the handheld model, the 
breast is not immobilized. Rather the patient lies on her back 
and the doctor uses an ultrasound device to locate the lesion. 
The doctor must then simultaneously operate the handheld 
biopsy device and the ultrasound device. 
0010 While the vacuum assisted core biopsy device pre 
sented an advancement in the field of biopsy devices, several 
disadvantages remain with some of the currently marketed 
devices. For example, when using the current biopsy devices, 
physicians have encountered significant difficulties severing 
the tissue. For instance, the inner cutter often fails to com 
pletely sever the tissue. When the inner cutting needle is 
withdrawn, no tissue sample is present (dry tap), and there 
fore, reinsertion is required. In the case of the vacuum assisted 
core biopsy device described above, the failure to completely 
sever the tissue after the first advancement of the inner cutter 
results in a necessary second advancement of the inner cutter. 
In this event, the procedure is prolonged, which is significant 
because the amount of trauma to the tissue and, ultimately, to 
the patient is greatly affected by the length of the procedure. 
Therefore, it is in the patient's best interest to minimize the 
length of the procedure by making each and every attempt at 
cutting the tissue a Successful and complete cut. 
0011. In light of the foregoing disadvantages, a need 
remains for a tissue removal device that reliably applies a 
vacuum without becoming plugged with blood and bodily 
fluids. A need also remains for a tissue removal device that is 
entirely disposable so that both exposure to bio-hazard and 
clean-up time are significantly minimized, while convenience 
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is maximized. A further need remains for a tissue removal 
device that completely severs the maximum amount of tissue 
without requiring numerous attempts at cutting the tissue. A 
need also remains for a tissue removal device that is compat 
ible with multiple imaging modalities. Finally, a need 
remains for a biopsy tissue removal device that is easy to use 
and does not cause a Surgeon strain during use, but provides 
satisfactory access to a lesion to be biopsied. 

BRIEF SUMMARY 

0012. A surgical device is disclosed. The surgical device 
comprises a housing, a cutting element, a spool, a piston, and 
a spring. The cutting element extends from the housing at the 
distal end of the housing. The cutting element comprises an 
outer cannula and an inner cannula. The spool is engaged with 
the outer cannula. The piston is engaged with the inner can 
nula. A spring is positioned between the spool and the piston. 
The spool is translated distally to translate the outer cannula 
towards the distal end. And the piston translates the inner 
cannula towards the distal end to sever tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 These and other features and advantages of the 
invention will be apparent from the following detailed 
description and the appended claims, taken in conjunction 
with the accompanying drawings, in which: 
0014 FIG. 1 is a perspective view of a surgical device, 
according to a representative embodiment of the disclosure. 
0015 FIG. 1A is a schematic view of a surgical system for 
use with the surgical device of FIG. 1. 
0016 FIG. 1B is an enlarged view of an alternative 
embodiment of a distal end of the surgical device of FIG. 1. 
0017 FIG. 2 is a cross-sectional view of a portion of the 
Surgical device taken along lines 2-2 in FIG. 1. 
0018 FIG. 3 is a perspective cross-sectional view of the 
surgical device shown in FIG. 1. 
0.019 FIG. 4 is a cross-sectional view of an outer cannula 
of the surgical device of FIG. 1 in a cocked position (top) and 
a fired position (bottom). 
0020 FIG. 5 shows side views of different length intro 
ducer cannulas. 

0021 FIG. 6A shows cross-sectional views of tissue pro 
lapsed through a sampling aperture formed in the outer can 
nula shown in FIG. 4 using different length introducer can 
nulas. 

0022 FIG. 6B shows cross-sectional views of resected 
tissue using different length introducer cannulas. 
0023 FIG. 7 is a cross-sectional view of surgical device of 
FIG 1. 

0024 FIG. 7A is a partial enlarged cross-sectional view of 
the front of the surgical device taken from encircled area 7A 
of FIG. 7 
0025 FIG. 7B is a partial enlarged cross-sectional view of 
a center section of the Surgical device taken from encircled 
area 7B of FIG. 7. 
0026 FIG.7C is a partial enlarged cross-sectional view of 
the rear of the surgical device taken from encircled area 7C of 
FIG. 7. 

0027 FIG. 7D is a cross-sectional view of a seal shown in 
FIG. 7. 

0028 FIG. 7E is a perspective view of a rotator which is 
used with the surgical device of FIG. 1. 
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0029 FIG. 7F is a cross-sectional view of the rotator of 
FIG. 7E. 
0030 FIG. 7G is a perspective view of a vacuum attach 
ment for use with the rotator of FIG. 7E. 
0031 FIG. 8A is a cross-sectional view of an introducer 
hub. 
0032 FIG. 8B is a cross-sectional view of an introducer 
system for use with the surgical device of FIG. 1. 
0033 FIG. 8C is a partial cross-sectional view of an intro 
ducer system, an introducer cannula and an introducer hub. 
0034 FIG. 9A is a perspective view of an adapter for use 
with the surgical device of FIG. 1. 
0035 FIG.9B is a side view of the adapter of FIG.9A. 
0036 FIG.9C is a perspective view of a trocar holder for 
use with the surgical device of FIG. 1. 
0037 FIG. 9D is a side view of the trocar holder of FIG. 
9.C. 
0038 FIG.9E is a perspective view of the trocar holder of 
FIG.9C and the adapter of FIG.9A. 
0039 FIG.9F is a side view of the trocar holder and the 
adapter of FIG.9E. 
0040 FIG.9G is a side view of the trocar holder and the 
adapter of FIG.9E with a trocar positioned within the trocar 
holder. 
0041 FIG. 9H is a perspective view of an introducer 
attached to the adapter of FIG.9A. 
0042 FIG.9I is a side view of a breast in compression. 
0043 FIG. 10A is a perspective cross-sectional view of an 
air motor. 
0044 FIG. 10B is a side cross-sectional view of the air 
motor of FIG. 10A. 
0045 FIG. 11A is a perspective view of a remote valve 
according to an embodiment. 
0046 FIG. 11B is a perspective view of the remote valve 
of FIG. 11A in a tubing arrangement for use with the surgical 
device of FIG. 1. 
0047 FIG. 12A is a cross-sectional view of remote valve 
in a cocked position. 
0048 FIG. 12B is a cross-sectional view of remote valve 
in an intermediate position. 
0049 FIG. 12C is a cross-sectional view of remote valve 
in a fired position. 
0050 FIG. 13A is a cross-sectional view of an alternative 
embodiment of a remote valve in a cocked position. 
0051 FIG. 13B is a cross-sectional view of an alternative 
embodiment of a remote valve in a fired position. 
0.052 FIG. 14 is a cross-sectional view of the surgical 
device of FIG. 1 in a fired position with the inner cannula 
retracted. 
0053 FIG. 15 is a cross-sectional view of the surgical 
device of FIG. 1 in a fired position with the inner cannula 
advanced. 
0054 FIG. 16 illustrates a general process flow for using 
the surgical device of FIG. 1. 
0055 FIG. 17 illustrates a general process flow for using a 
trocar holder of FIG. 9 and the surgical device of FIG. 1. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0056 Referring to the drawings, illustrative embodiments 
are shown in detail. Although the drawings represent the 
embodiments, the drawings are not necessarily to scale and 
certain features may be exaggerated to better illustrate and 
explain an innovative aspect of an embodiment. Further, the 
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embodiments described herein are not intended to be exhaus 
tive or otherwise limit or restrict the invention to the precise 
form and configuration shown in the drawings and disclosed 
in the following detailed description. 

Overview 

0057. A tissue removal device used for breast biopsy is 
attached to a stereotactic table for positioning. A patient's 
target area for tissue removal is immobilized (e.g., a breast) in 
relation to the tissue removal device. The stereotactic table 
allows precise positioning of a biopsy device, or any other 
device, at a known target area. Moreover, the stereotactic 
table allows for visualization of a known location for confir 
mation or for providing a three-dimensional location future 
analysis and/or treatment. In many cases, the tissue removal 
device is a Surgical device. Such as is described in detail below 
and in the drawings. 
0058. The device may include an adapter for mounting the 
Surgical device to a positioning system, for example, a ster 
eotactic table. However, the surgical device may also be used 
with other positioning systems. In Such a case, the adapter 
may be configured to engage both the positioning system and 
the Surgical device. In an example, a LoradR bracket may be 
used to attach the device to a LoradR table. 
0059. When the surgical device is installed with a posi 
tioning system, movements of the positioning system allow 
for the precise removal of tissue samples. Moreover, a Sur 
geon may use one or many visualization systems (i.e., imag 
ing modalities) to further identify a target area and then pre 
cisely position the Surgical device to remove tissue at the 
target area. The imaging modalities include, for example, 
MRI, PET, CT, ultrasound, terahertz, technologies, etc. The 
location of the target area is determined and the position is 
recorded for manual or automatic movement of the position 
ing system and the Surgical device. 
0060 An introducer cannula is positioned and inserted 
into the patient to provide a pathway to the target location, in 
one example using a separate 'stylet” to pierce the patient's 
tissue. The stylet, which is inserted through the introducer 
cannula and moved into the patient with the introducer can 
nula, is removed from the introducer cannula after creating 
the pathway. The Surgical device is then inserted through the 
introducer cannula and into the pathway to the target site. 
Once the Surgical device is positioned, the tissue cutting 
portion of the device that is part of the surgical device is 
thereby positioned within the patient close to the target site. In 
a blunt tip embodiment of the Surgical device, once the Sur 
gical device is positioned within the pathway, the device is 
ready to resect tissue samples. 
0061. In another embodiment with a trocar tip, the intro 
ducer cannula may be disposed over an outer cannula of the 
Surgical device. The trocar tip may be used to create the 
pathway for the Surgical device. Alternatively, the stylet may 
also be used, as described above. Once the inserted into the 
patient, the tissue cutting portion is then fired to a final dis 
tance to the target site and tissue is resected (i.e., severed 
removed from the patient). The resected tissue may be used 
for diagnosis of the possible pathologic condition or tissue 
may be debulked to remove the target area in its entirety. 
0062. In use, for example, the surgical device may be 
activated by using remote valves. In another example, the 
Surgical device is operated using a remote valve to fire the 
tissue cutting portion into the patient to the final position and 
a console pedal is used to perform the biopsy functions. 
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0063. Before, during, or after tissue is removed, one or 
more treatments may also be introduced at the target site. 
Such treatments include brachytherapy and other adjuvant 
treatments (such as, ablating tissue, heating tissue, freezing 
tissue, applying chemicals to tissue, external beam HIFU 
therapy, interstitial HIFU therapy, electroporation therapy, 
ultrasonicporation therapy, interstitial microwave therapy, 
etc.). Examples of such adjuvant treatments are described in 
co-pending U.S. patent application Ser. No. 1 1/550.209, 
entitled “SYSTEM AND METHOD FOR MINIMALLY 
INVASIVE DISEASE THERAPY filed Oct. 17, 2006 by 
Joseph L. Mark, the contents of which are included in their 
entirety herein. 
0064 Referring now to the drawings, FIG. 1 shows a sur 
gical device 100. Surgical device 100 includes an outer sleeve 
102, an introducer cannula 104, and a rotator 106. Further, 
surgical device 100 is positioned on a cradle top 114. An 
adapter 112 connects cradle top 114 to a bracket 110. In an 
embodiment, surgical device 100 including outer sleeve 102, 
introducer cannula 104, rotator 106, and cradle top 114 are 
disposable. Adapter 112 is positioned underneath Surgical 
device 100 (explained in detail below with respect to FIGS. 7, 
9A, and 9E) and is typically left attached to a positioning table 
for reuse with another surgical device 100. A latch lever 108 
is operable to release cradle top 114 from adapter 112. Outer 
sleeve 102 is a housing that is provided to hold moving 
components and seals internal to Surgical device 100 and 
between a proximal cap 120 and a front cap 124. Introducer 
cannula 104 is fixed to an introducer hub 126 that removably 
attaches cutting element 132 and adapter 112. During a pro 
cedure, introducer cannula 104 is positioned to allow for the 
insertion of surgical device 100 near the target site. When 
Surgical device is positioned, a cutting element 132 protrudes 
(shown here in a fired position and explained below in detail 
with respect to FIG. 4) at a distal end 130 of introducer 
cannula 104. In one embodiment, cutting element 132 also 
includes a trocar tip 134 that is designed to easily penetrate 
tissue with minimal damage. 
0065. Alternatively, in one embodiment, cutting element 
132 may include a blunt tip end (see FIG. 1B) that is not sharp 
(i.e., has a blunt tip). The blunt tip embodiment, which may 
include a generally hemispherical shape, is useful where the 
site of interest is close to the back plate of the compression 
device as the trocar tip may extend too far and exit the oppo 
site side of the breast from the insertion point (as seen in FIG. 
9I). Use of a cutting element 132 having a blunt tip end will be 
described in further detail below in connection with FIG. 9. 

0.066 Referring now to FIG. 1A, a schematic view of a 
surgical system 192 for use with surgical device 100 is shown. 
Surgical system 192 includes a console 194, a remote valve 
800, a user 196, and surgical device 100. User 196 is typically 
a surgeon and is able to control each of console 194, remote 
valve 800, and surgical device 100. Console 194 provides air 
pressure and vacuum, as well as control logic, to Surgical 
device 100. Surgical device 100 is primarily controlled by 
user 196 at remote valve 800 during the high patient stress 
time of firing the cannula (for those embodiments with a 
trocar tip distal end), which is conveniently located between 
surgical device 100 and console 194. 
0067 Referring back to FIG. 1, a saline line 154, a firing 
line 152, a motor line 150, and a biopsy line 156 are attached 
to the surgical device. Lines 150-156 are also attached to a 
control console (not shown) for controlling Surgical device 
100. Cradle top 114 is a housing that receives, secures, and 
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covers the internal attachment of saline line 154, firing line 
152, motor line 150, and biopsy line 156. Cradle top 114 may 
be constructed of plastic or other suitable materials. In the 
representative embodiment shown, bracket 110 is configured 
as a “Fisher style bracket and attaches to adapter 112 by a 
screw. The shown bracket 110 is engaged or disengaged from 
a stereotactic table by rotating attachment wheel 142. It is 
appreciated, however, that the bracket 110 may be of other 
Suitable configurations to permit use of the Surgical device 
with other surgical tables. 
0068 Rotator 106 includes a fitting 140 where a vacuum 
line attaches to provide vacuum to cutting element 132. A 
rotation indicator 122 may be provided that describes the 
rotary position of cutting element 132. Rotation indicator 122 
is a window that is cut through outer sleeve 102 so as to 
expose an inner portion having indicia that rotates along with 
rotator 106. In general, when rotator 106 is turned by a user, 
the rotary position of cutting element 132 is shown by rotation 
indicator 122. Typically, a numeral is shown at rotation indi 
cator 122 describing the position of cutting element 132 in a 
manner similar to a clock face. For example, the indicia of 
rotation indicator 122 may include numerals such as one (1) 
through twelve (12) o'clock. In this way, a Surgeon can imme 
diately and intuitively determine the rotary position ofcutting 
element 132 by viewing rotation indicator 122. Moreover, 
rotation indicator 122 is highly visible and does not require 
special training to determine the angular position of cutting 
element 132. Alternatively, any indicia may be used for rota 
tion indicator 122 to indicate the position of cutting element 
132. 

0069. The components of surgical device 100 are config 
ured such that the turning of rotator 106 is not overly burden 
Some on the operator (e.g., a Surgeon). Thus, the torque 
required to turn rotator 106, and necessarily cutting element 
132 including a sampling aperture 250 (see FIG. 4), is low. 
Thus, low grip strength and low torque is required to turn 
rotator 106 and cutting element 132. The low torque require 
ments are partially attributable to a floating o-ring design of 
the internal components (described below in detail with 
respect to FIG. 7D), a cup seal design or a combination of 
both. 

0070 FIG. 2 is a cross-sectional view of introducer can 
nula 104 taken along lines 2-2 of FIG.1. As may be seen, an 
outer cannula 160 and an inner cannula 162 are disposed 
within introducer cannula 104. Cutting element 132 (see FIG. 
1, and described below in detail with respect to FIG. 6) is a 
tube-within-a-tube arrangement that includes outer cannula 
160 and inner cannula 162. When tissue is severed, a vacuum 
is pulled from inside inner cannula 162 at a sample lumen 166 
where fluid and tissue are taken away and expelled at fitting 
140 for collection in a tissue filter container. Moreover, saline 
or other therapeutics may be introduced to the target site 
through a gap 164 between outer cannula 160 and inner 
cannula 162. 

0071 FIG. 3 is a perspective cross-sectional view of Sur 
gical device 100 shown in FIG. 1. A holding screw 170 
connects bracket 110 to adapter 112. Attachment wheel 142 is 
turned by the user to tighten bracket 110 onto a positioning 
system or a stereotactic table. However, bracket 110 is an 
optional component of surgical device 100. Thus, adapter 112 
may be mounted directly to a positioning system or stereo 
tactic table, and thus capable of receiving surgical device 100. 
When using bracket 110, locating pins 172 are mounted to 
bracket 110 and are used to locate adapter 112 with respect to 
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bracket 110 along with holding screw 170. Adapter 112 is 
positively located on locating pin 172. When holding screw 
170 is tightly engaged with adapter 112, the two parts are 
fixedly attached. Thus, when bracket 110 is moved (typically 
being attached to a movable table), then adapter 112 and 
surgical device 100 are also moved in unison. 
0072 Surgical device 100 itself may be disengaged from 
adapter 112 by pulling up on latch lever 108, which in turn 
disengages a latch 180 (described in detail below with respect 
to FIG. 7C). In the normal course of use, adapter 112 is not 
removed from the positioning system or stereotactic table and 
multiple surgical devices 100 may be attached, used, and 
replaced with new surgical devices 100 for other patients. 
(0073 Housed within outer sleeve 102 is an inner body 190 
that contains moving elements of surgical device 100. Within 
inner body 190, surgical device 100 further includes an air 
motor 200 that is fixedly connected to inner cannula 162 (see 
FIG. 2, not labeled in FIG. 3). In overview, air motor 200 
traverses within inner body 190 and acts as a piston to move 
inner cannula 162 along its axis (explained below in detail 
with respect to FIGS. 14 and 15). Moreover, air motor 200 
also rotates inner cannula 162 to provide improved tissue 
cutting action. Both a traversal and a rotation of inner cannula 
162 are performed using fluid pressure (e.g., air pressure) and 
are explained below in detail with respect to FIGS. 14 and 15. 
0074. A spool 202 is connected to outer cannula 160. The 
spool fires or retracts outer cannula 160 as explained below in 
detail with respect to FIG. 4. Spool 202 traverses distally 
within inner body 190 by way of spring force, which in turn 
traverses outer cannula 160 distally within introducer cannula 
104 (explained below in detail with respect to FIGS. 14 and 
15). Spool 202 is traversed proximally using air pressure. 
0075. The fluid pressure is selectively presented at loca 
tions along outer sleeve 102 at a biopsy port 210, a motor inlet 
port 212, and a firing port 216. The operation of each port 210, 
212, 216 is described in detail below with respect to FIGS. 
7-7C. In general, firing line 152 is connected to firing port 
216, motor line 150 is connected to motor inlet port 212, and 
biopsy line 156 is connected to biopsy port 210. 
(0076 Fitting 140 includes a glue well 220 or barb that is 
used to connect to tubing that leads to a remote tissue collec 
tion canister (see FIG. 11B) or other tissue collection sys 
tems. When a vacuum is applied to inner cannula 162, 
resected tissue is drawn through the length of inner cannula 
162 from cutting element 132 to tubing and the remote tissue 
collection canister mentioned above. An example of a Suit 
able collection canister and filter media is described in co 
pending U.S. patent application Ser. No. 1 1/132,034, entitled 
“SELECTIVELY OPENABLE TISSUE FILTER filed Dec. 
16, 2005 by Joseph L. Mark et al., the contents of which are 
included in their entirety herein. 
0077 FIG. 4 shows cross-sectional views of outer cannula 
160 in a cocked position 240 (top view) and a fired position 
242 (bottom view). Introducer cannula 104 with outer can 
nula 160 inserted in cocked position 240 is used for initial 
positioning near a target site. When the target site is located, 
typically using an imaging modality as discussed above, outer 
cannula 160 is rapidly thrust distally to fired position 242. By 
quickly thrusting outer cannula 160 to the target site, the 
tissue is cleanly cut by trocar tip 134 and the target tissue is 
not moved, pushed, or Substantially damaged. When outer 
cannula 160 is in fired position 242, a sampling aperture 250 
is also positioned at the target site. As mentioned with respect 
to FIG. 1, turning rotator 106 will also turn sampling aperture 
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250, which is part of cutting element 132. In this way, a 
Surgeon may sample from any angular direction and resect 
tissue at multiple locations. Inner cannula 162 is not shown 
for clarity, but is described in detail with respect to FIGS. 6A 
and 6B. 

0078 FIG.5 shows side views of different lengths of intro 
ducer cannula 104 (shown in FIG. 1), including a first intro 
ducer cannula 260 and a second introducer cannula 262. First 
introducer cannula 260 has a predetermined length of L1. 
Second introducer cannula 262 is longer overall and has a 
predetermined length of L2. When introducer cannulas 260 or 
262 are attached to surgical device 100, distal ends 272, 280 
extend away from surgical device 100 to different distances 
based on their respective lengths, L1 and L2. By providing 
different length introducer cannulae, different aperture 
lengths may be created. 
007.9 FIG. 6A shows cross-sectional views of tissue pro 
lapsed through sampling aperture 250 using different length 
introducer cannulas 260 and 262. In an embodiment 268 
using first introducer cannula 260, having a length L1, distal 
end 272 protrudes minimally over sampling aperture 250. 
When a vacuum is pulled at inner cannula 162, a first amount 
of tissue 274 prolapses through sampling aperture 250 and is 
not substantially blocked by introducer cannula 260. 
0080. In a second embodiment 270, second introducer 
cannula 262 is used that has a length L2 which is longer than 
length L1. Because the distance along outer cannula 160 is 
fixed, second introducer cannula 262 protrudes at distal end 
280 partially over sampling aperture 250 and effectively 
reduces the size of sampling aperture 250 resulting in a 
reduced Volume of prolapsed tissue 282 entering outer can 
nula 160. Thus, by using different length introducer cannulas 
260,262 a surgeon is able to determine the effective sampling 
aperture of surgical device 100 by selectively limiting access 
to sampling aperture 250. It is contemplated that a length of 
introducer cannula 104 will leave sampling aperture 250 
entirely open, or the length may be configured to Substantially 
close sampling aperture 250, or any length therebetween may 
control the effective size of sampling aperture 250. 
0081. It is understood, that prior to taking a sample of 
tissue 274/282, inner cannula 162 may be positioned so as to 
be disposed substantially flush to sampling aperture 250. 
However, in Some situations (depending on a variety of fac 
tors), when inner cannula 162 is in this position, vacuum from 
inner cannula 162 may pull tissue into sampling aperture 250 
prior to the cutting stroke. And, if this occurs, the drawn tissue 
may seal gap 164 between inner and outer cannulae 162 and 
160, respectively, thereby creating a vacuum lock on any 
tissue in the cannula or similar diameter tubing. Thus, if this 
occurs, the excised tissue may be prevented from freely pass 
ing though the inner cannula 162. 
0082 FIG. 6B shows cross-sectional views of resected 
tissue using different length introducer cannulas 260 and 262. 
In both first embodiment 268 and second embodiment 270, 
inner cannula 162 is traversed distally and rotated to assist in 
severing the tissue prolapsed through sampling aperture 250. 
In first embodiment 268, using first introducer cannula 260, a 
large amount of resected tissue 284 is present within inner 
cannula 162. In second embodiment 270, a smaller amount of 
resected tissue 286 is present within inner cannula 162. The 
difference in volume of tissue resected is related to the 
increased or decreased effective size of sampling aperture 
250 and the resultant size of prolapsed tissue. Thus, different 
length introducer cannulas 260, 262 may be used to control 
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the size of tissue resected, and the length of the device to be 
inserted into the patient. (For example, 270 is a “petite' 
aperture that may be used on thin breasted women). 
I0083 FIG. 7 is a cross-sectional view of surgical device 
100 of FIG. 1. For greater detail of the inner components of 
surgical device 100, refer to FIGS. 7A-7C for the areas of 
enlargement as shown. By way of example, motor inlet port 
212 provides pressure to the interior of inner body 190 by way 
of a motor inlet pressure groove 314. Motor inlet pressure 
groove 314, and the pressure applied, is sealed from the rest of 
inner body 190 using a first annular seal 310 and a second 
annular seal 312 that are surrounded by outer sleeve 102. 
Seals 310, 312 are typically o-rings and are configured as 
floating o-rings. Such groove and ring seal designs are also 
applied to biopsy port 210, motor exhaust 214, and firing port 
216, as explained below in detail with respect to FIG. 7D. 
I0084 FIG. 7A is a partial enlarged cross-sectional view of 
the front of surgical device 100 taken from encircled area 7A 
of FIG. 7. Adapter 112 further includes a wall portion 408 for 
holding Surgical device 100 in place along a front face of 
surgical device 100. Wall portion 408 cooperates with latch 
lever 108 to retain surgical device 100. Further, wall portion 
408 also provides an attachment point for introducer hub 126. 
Introducer hub 126 includes a seal 410 that outer cannula 160 
and inner cannula 162 protrude through. Additionally, intro 
ducer hub 126 includes a lower portion 411 having a hub snap 
feature 412 that engages wall portion 408. As shown in FIG. 
7A, hub snap feature 412 extends from lower portion 411 and 
extends snaps onto wall portion 408. Hub snap feature 412 
may be configured to interfere with, Snap into, or selectively 
engage with wall portion 408, such that wall portion 408 
holds introducer cannula 104 (which is attached to introducer 
hub 126) and introducer hub 126 in place. 
I0085. The positioning of lower portion 411 proximal with 
wall portion 408 provides registration of introducer hub 126 
to adapter 112. Moreover, when surgical device 100 is selec 
tively attached to adapter 112 and when introducer hub 126 is 
in place, registration and position relative to each of adapter 
112, Surgical device 100, introducer hub 126, distal end 130, 
and cutting element 132 is secured. Such registration allows 
for precise positioning of cutting element 132 relative to 
adapter 112 and the target area. Typically, adapter 112 is 
linked to a positioning table allowing for precise positioning 
of adapter 112 and surgical device 100. Note that introducer 
hub 126 is independently attachable to wall portion 408 such 
that introducer hub 126 may be left attached to wall portion 
408 when Surgical device is disengaged from adapter 112 and 
removed from adapter 112. 
I0086 A first seal 420 and a second seal 422 engage outer 
cannula 160 to prevent leakage of pressure or fluids from 
surgical device 100. Outer cannula 160 is slidably and rotat 
ably free to move along its axis with respect to first seal 420 
and second seal 422, among other seals described below. 
Saline line 150 engages a connector 424 near the front portion 
of Surgical device 100. Connector 424 engages with a saline 
channel 426 and is sealed with a saline o-ring 428. Saline 
channel 426 is further sealed between first seal 420 and sec 
ond seal 422 and allows for the flow of saline around outer 
cannula 160. 

I0087. When outer cannula 160 is in the fired position 
(shown translated distally in FIG. 6), a saline port 430 is 
advanced between first seal 420 and second seal 422. Thus, 
when saline is forced or pulled by vacuum through saline line 
154, through connector 424, saline channel 426, saline enters 
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outer cannula 160 at saline port 430. Under pressure, saline 
travels distally along gap 164 between outer cannula 160 and 
inner cannula 162 (described above in detail with respect to 
FIG. 2). Upon reaching aperture 250 (shown above in detail 
with respect to FIG. 6), the saline exits the aperture 250 and 
typically, depending upon placement, flows at the target site. 
As discussed herein, saline line 154 may be used to deliver 
liquids, including but not limited to Saline, drugs, or treat 
ments to the target site. In one embodiment, saline is injected 
into the saline line 154. In another embodiment, a closed 
system is used Such that Saline is pulled via vacuum from the 
vacuum line to the inner cannula and back to the Saline line. 
0088 FIG. 7B is a partial enlarged cross-sectional view of 
a center section of surgical device 100 taken from encircled 
area 7B of FIG. 7. Outer cannula 160 is fixedly attached to 
spool 202 by glue (or other suitable adhesives, ultrasonic 
welding, insert molding, etc.). Thus, when spool 202 moves, 
so does outer cannula 160. Also attached to spool 202 is a 
spring guide 460. A spring 462 sits within a spring cavity 464 
and spring guide 460 prevents buckling of spring 462 when 
compressed and preventing interference with inner cannula 
162. As shown in FIG. 7B, spring 462 is compressed between 
spool 202 and air motor 200. The function of spring 462 is 
described in detail below with respect to FIGS. 14 and 15. 
0089. An exhaust chamber 440 is an open space within 
inner body 190 allowing for movement of air motor 200 
distally when spool 202 has moved forward. When air motor 
200 is active (by running pressure through the motor portion) 
air may exit, thereby creating flow, through motor exhaust 
214. Additionally, a first seal 450 and a second seal 452 
prevent air pressure from motor exhaust from escaping 
beyond an annular channel 454. 
0090 Distally, exhaust chamber 440 is sealed. In one 
embodiment a cup seal is used. In another embodiment, a ring 
442 is seated in an annular groove 444 in spool 202 and by an 
inner cannula seal 468. A seal 754 on air motor 200 seals 
exhaust chamber 440 proximally. Inner cannula seal 468 pre 
vents saline flow back into the mechanism and forces the 
saline toward the distal end of outer cannula 160 (discussed in 
detail with respect to FIGS. 2 and 7). 
0091 FIG.7C is a partial enlarged cross-sectional view of 
the rear of surgical device 100 taken from encircled area 7C of 
FIG. 7. Latch 180 further comprises a latch tongue 470 that 
selectively engages a latch slot 472 formed at the proximal 
end of adapter 112. Pulling up on latch lever 108 disengages 
latch tongue 470 from latch slot 472 and allows the user to 
remove surgical device 100 from adapter 112. When the user 
desires to move air motor 200 distally (described in detail 
with respect to FIG. 15) air pressure enters at biopsy port 210 
and fills biopsy cavity 808. Seals 762 and an inner cannula 
seal 772 (see FIG. 10A) prevent the pressure from escaping 
distally and seals 816, 818 at proximal cap 120 prevents 
pressure from escaping proximally. Thus, when biopsy cavity 
808 is pressurized, air motor 200 translates (e.g., moves) 
distally within surgical device 100. 
0092. Inner cannula 162 is sealed at a proximal cap 120 by 
an o-ring 818. As discussed above, inner cannula 162 is glued 
(or otherwise fixedly attached) to air motor 200. Thus, when 
air motor 200 is translated, inner cannula 162 also moves. 
O-ring 818 allows inner cannula 162 to move while still 
maintaining a seal between proximal cap 120, biopsy cavity 
808, and inner cannula 162. Additionally, fitting 140 is sealed 
by an O-ring 820. An end of fitting 140 is sealingly received 
within a distal end of a vacuum line. Thus, when a vacuum is 
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applied to the vacuum line, the vacuum is contained and 
pulled through sample lumen 166 (see FIG. 2) of inner can 
nula 162 for removal of tissue and fluids from the target site. 
(0093. Referring back to FIG. 7, an exhaust piston 320 
includes seals 322 and engages firing port 216. Exhaust piston 
320 is used to vent a front chamber 434 distal from spool 202 
and therefore allows for rapid movement of spool 202 when 
desired. Exhaust piston320 further includes a small hole (not 
shown) at the top of the piston allowing air to pressurize 
through it. When the pressure in the open cavity distally from 
spool 202 is greater than the pressure on the bottom of the 
piston, exhaust piston 320 will move away from firing port 
216 and allow for rapid exhaust of gas. This reduced pressure 
on the bottom of the piston is created by firing a remote valve 
(see FIGS. 11-13B). 
(0094 FIG. 7D is a cross-sectional view of seal 310 (see 
also FIG. 7). Seal 310 is cup seal that sits in a groove 830 on 
the outside of inner body 190. In an alternative embodiment, 
seal 310 may be configured as a floating o-ring. In Such an 
embodiment, a lateral space 832 and a vertical space 834 
allow the floating o-ring to move within groove 830. 
(0095. When pressure is applied, seal 310 moves within 
groove 830 to seal against inner body 190 and outer sleeve 
102. Both seal 310 and the floating o-ring embodiments per 
mit inner body 190 to be turned within outer sleeve 102 
without undue friction. Thus, the user may turn cutting ele 
ment 132 and inner body 190 by light force using rotator 106 
(see FIG. 1). In addition to seal 310, seals 312 (see FIG. 7), 
450, 452 (shown in FIG. 7B), seal 814 (see FIG.7C), as well 
as the other seals between inner body 190 and outer sleeve 
102 also may use floating o-rings. Standard o-rings may also 
be used. 
(0096 FIG.7E is a perspective view of rotator 106 which is 
used with surgical device 100. Proximal cap 120 is used to 
close off the proximal end of surgical device 100 and seals 
816 prevent any pressure from escaping from inner sleeve 102 
(see FIGS. 1 and 7C). A receiving portion 870 receives fitting 
140 (see FIGS. 1, 3, and 7G) that is pressed/snapped within 
receiving portion 870 to connect surgical device 100 to a 
flexible Suction line and ultimately a tissue collection system. 
0097 FIG.7F is across-sectional view of rotator 106. Seal 
818 prevents leakage of pressure around the outer periphery 
of inner cannula 162 (see FIGS. 2 and 7C). Receiving portion 
870 is sized to receive fitting 140 but also allow it to rotate. 
The rotation allows for the free turning of cutting element 
132, without complications caused by twisting of the suction 
lines. 
(0098 FIG. 7G is a perspective view of fitting 140 for use 
with rotator 106 of FIG. 7E. Glue well or barb 220 receives a 
flexible vacuum line that is used to remove fluids, tissue, etc. 
from the target site. 
0099 FIG. 8A is a cross-sectional view of an embodiment 
of introducer hub 126 that includes an outer body 700, an 
inner body 726, and a sealing member 710. Outer body 700 
and inner body 726 are typically constructed of a generally 
rigid plastic material. Sealing member 710 is a flexible sheet 
material suitable for sealing when perforated by trocar tip 134 
(see FIG. 1). Outer body 700 includes an inner interference 
portion 702 that is held between an outer interference portion 
722 and a needle guide 720 of inner body 726. Sealing mem 
ber 710 is then placed between needle guide 720 and inner 
interference portion 702. Glue, ultrasonic welding, snap fit 
ting, or other Suitable attachment mechanisms are used to 
prevent separation of outer body 700 and inner body 726. 



US 2009/0088663 A1 

0100 FIG. 8B is a cross-sectional view of an introducer 
system 640. Used as a single assembly with Surgical device 
100, introducer system 640 allows provides for entry, posi 
tioning, and placement of medical devices, treatments, and/or 
markers within a patient. A joining region 650 sealingly con 
nects introducer hub 126 to introducer cannula 104 to form a 
single generally rigid unit. In operation, trocar tip 134 pro 
trudes just beyond distal end 130 of introducer cannula 104 
for insertion within the patient's body (see FIG. 4). When 
fired, cutting element 132 extends beyond distal end 130 for 
tissue resection, lavage, delivery of Saline or treatments, etc. 
(see FIG. 4). Moreover, when cutting element 132 is removed 
from introducer system 640, introducer cannula 104 remains 
within the patient with distal end 130 precisely positioned at 
the target area. When surgical system 100 is removed from 
introducer cannula 104, introducer system 640 may be used 
as a general purpose access port to the target area. Moreover, 
sealing member 710 functions as a valve to reduce or prevent 
leakage of fluids from the patient through introducer cannula 
104. A clip-on feature 652 allows for removable placement of 
introducer system 640 onto a positioning table. 
0101 FIG. 8C is an enlarged partial cross-sectional view 
of introducer system 640, introducer cannula 104 and intro 
ducer hub 126. Clip-on feature 652 includes finger actuators 
654 and retaining clips 656. These allow the user to easily 
position and selectively remove introducer system 640 from 
adapter 112. The interaction with adapter 112 is described in 
detail below with respect to FIGS. 9A-9I. After introducer 
system 640 is positioned on adapter 112, trocar tip 134 is 
pushed through a proximal opening 660 and easily penetrates 
sealing member 710 when inserted therethrough. Sealing 
member 710 then closes against the outer periphery of outer 
cannula 160. If surgical device 100, including outer cannula 
160 are removed, sealing member 710 is biased to a normally 
closed position to prevent fluids from escaping through seal 
ing member. In one embodiment, sealing member by be pre 
slit prior to trocar tip 134 being inserted therethrough. 
0102 FIG.9A is a perspective view of adapter 112 for use 
with surgical device 100 of FIG. 1. FIG.9B is a side view of 
adapter 112. Adapter 112 includes a surface 480 and a rail 
portion 476. The bottom edges of surgical device 100 engage 
with rail portions 476. Surgical device 100 then slides along 
Surface 480 when Surgical device is engaged with or removed 
from adapter 112. Latch tongue 470 of surgical device 100 
selectively engages latch slot 472 (see FIG.7C). Pulling up on 
latch lever 108 disengages latch tongue 470 from latch slot 
472 and allows the user to remove surgical device 100 from 
adapter 112 (see FIG. 7C) locking the proximal end of surgi 
cal device 100 to adapter 112. When a user places surgical 
device 100 onto adapter 112, latch tongue 470 moves 
upwardly over a ramp 474 and engages latch slot 472 to 
securingly hold surgical device 100 to adapter 112. Wall 
portion 408 acts as a stop and prevents surgical device 100 
from further distal movement when loaded and latch 180 
(including latch tongue 470 and latch slot 472) prevents sur 
gical device 100 from moving proximally until latch 180 is 
disengaged. 
0103) An introducer mounting system 490 includes wall 
portion 408 that receives introducer system 640 and provides 
a stable attachment point for clip-on features 652 of intro 
ducer hub 126 (described above in detail with respect to FIG. 
8C, also shown in FIG. 9H). When introducer system 640 is 
attached to wall portion 408, retaining clips 656 lock in place 
around a mounting post 492 and introducer cannula 104 is 
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positioned above wall portion 408 at a stabilizing rest 494. In 
removing introducer System 640 from introducer mounting 
system 490, the user presses finger actuators 654 together 
which in turn unlocks retaining clips 656 from mounting post 
492. 
0104 Adapter 112 may be attached to a positioning table 
by bracket 110 (see FIGS. 1 and 3). Holes 482, 484, 486 are 
positioned along adapter 112 to facilitate removable attach 
ment of adapter 112 to bracket 110. For example, holding 
screw 170 connects with holes 486 (see FIG. 3) and locating 
pins 172 connect with holes 484 and 488. A slot 488 may be 
used to prevent overconstraining the adapter when attaching 
the adapter to a stereotactic table. 
0105 FIG.9C is a perspective view of a trocar holder 540 
for use with surgical device 100. FIG. 9D is a side view of 
trocar holder 540. Trocar holder 540 may be used to hold a 
trocar device 575 (See FIG. 9G) to facilitate entry into a 
patient and create a pathway for surgical device 100. Trocar 
575 is particularly useful for embodiments of surgical device 
100 that have a cutting element 132 that includes a blunt tip, 
rather than a trocar tip 134. 
0106 Trocar holder 540 includes a pair of receiving 
grooves 542, 544 allow trocar holder 540 to slide along 
adapter 112 (see FIGS. 9E and 9F). An engagement member 
is selectively receivable 545 within groove 488 of adapter. 
Trocar 575, which is separate from surgical device 100, 
allows a user to pierce the patient's skin and locate introducer 
system 640 at the target site before surgical device 100 is 
mounted to adapter 112. Trocar 575 may be used, for 
example, for thin-when-compressed breasts where the firing 
mode of Surgical device 100 may pose a risk of passing 
through the breast entirely when the breast is compressed and 
in cases where the lesion of interest is positioned near the 
back plate of the stereotactic table. (see FIG. 9I). In such 
cases, surgical device 100 includes a blunt tip (rather than 
trocar tip 134 of FIG. 1). Referring to FIG.9G, in operation, 
trocar 575 is loaded onto trocar holder 540. The trocar is 
pushed through introducer system 640 (which is locked on to 
the end of adapter 112) locked onto adapter at 488 and is 
manually moved to pierce through the patient's tissue. 
0107 The external trocar locks into a pair of seats 550, 
552, and spring clip 570 (see FIG. 9C) and is held in place 
axially (see FIG. 9G). A holder body 560 separates grooves 
542, 544 (located at the bottom of trocar holder 540) and seats 
550, 552 such that the external trocar is held at the correct 
height to interface with introducer cannula 104. A directional 
indicator 562 may be provided to show the user which direc 
tion holder body 560 is to be placed on adapter 112 (e.g., the 
arrow points in the direction of the patient). 
(0.108 FIG.9E is a perspective view of trocar holder 540 in 
use with adapter 112, FIG.9F is a side view of trocar holder 
540 in use with adapter 112 and FIG.9G is a side view of 
trocar holder 540 with trocar 575 inserted therein. A clip 570 
sits within key 554 to hold the external trocar securingly in 
place. Thus, a user may insert the trocar by pushing down 
upon clip 570 with the trocar and it will snap into place into a 
groove 573 formed on trocar 575. In one embodiment, trocar 
holder 540 and trocar 575 are designed such that trocar 575 
may only fit into trocar holder 540 in the desired configura 
tion. To remove trocar 575 the user may pull up on the trocar 
to disengage clip 570. In use, external trocar 575 sits on trocar 
holder 540 and is aligned with the inner lumen of introducer 
cannula 104 that sits atop stabilizing rest 494. A pushbutton 
release 572 allows the user to disengage engagement member 
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545 of trocar holder 540 from adapter 112 so that surgical 
device 100 may then be installed upon adapter 112 for use. 
0109 FIG. 10A is a perspective cross-sectional view of air 
motor 200. An example of an air motor 200 and the function 
thereof is described in detail with respect to co-pending U.S. 
patent application Ser. No. 11/058,128, entitled “SINGLE 
MOTOR HANDHELD BIOPSY DEVICE, filed Feb. 15, 
2005 by Michael E. Miller, the contents of which are incor 
porated by reference in its entirety. In general, air motor 200 
includes sealing caps 750A, 750B, motor vanes 752, a front 
seal 754, a first rear seal 760, and a second rear seal 762. Front 
seal 754 is seated in a front annular channel 756 and is used to 
seal sealing cap 750A with inner body 190 to create an air 
motor supply cavity 768 with first rear seal 760. Second rear 
seal 762 is seated in a rear annular channel 764 and seals 
sealing cap 750B with inner body 190 to create biopsy cavity 
808 (see FIG.7C). Seals 754, 760, and 762 are embodied as 
cup seals to improve sealing under certain pressures while 
still maintaining low friction in motion. However, other 
known seals, such as o-rings, may also be used. 
0110. When first rear seal 760 and front seal 754 are under 
a pressure applied from operating air motor 200, seals 760 
and 754 will expand due to the cup seal configuration. Thus, 
sealing will be improved when air motor 200 is pressurized. 
Because biopsy cavity 808 is also selectively pressurized, 
second rear seal 762 will also expand and provide improved 
Sealing. 
0111 Air motor 200 further includes a pass-through 770 
for inner cannula 162 to extend through. Inner cannula 162 
extends from cutting element 132 (see FIG. 1), through air 
motor 200, to fitting 140. Additionally, inner cannula 162 is 
fixedly attached to air motor 200 by glue or other suitable 
material in passthrough 770. Additionally, an inner cannula 
seal 772 is used to seal air motor 200 with inner cannula 162. 
Sealing cap 750A further includes a spring guide 778 and 
sealing cap 750B further includes a rear face 774. Air motor 
200 also includes a rotor 780, explained in detail below with 
respect to FIG. 10B, that provides for rotary motion of inner 
cannula 162. As shown in FIG. 7C, rear face 774 forms a 
movable boundary for biopsy cavity 808. Thus, when biopsy 
cavity 808 is sufficiently pressurized, the force applied to rear 
face 774 translates air motor 200 distally. Alternatively, when 
biopsy cavity 808 is vented, spring 462 (see FIG. 7B) trans 
lates air motor 200 proximally. Thus, air motor 200 provides 
a rotary motion to inner cannula 162, as well as translation 
distally and proximally. 
0112 FIG. 10B is a side cross-sectional view of the air 
motor of FIG. 10A. A motor outer housing 790 contains rotor 
780 that is configured to spin with the addition of air pressure 
as a power source. Rotor 780 includes vanes 752. Rotor is 
attached to inner cannula 162 by glue or by a press-fit. When 
air pressure is supplied to air motor 200, Vanes 752 and rotor 
rotate about the axis of inner cannula 162 and by virtue of 
their attachment, also rotate inner cannula 162. A distal bear 
ing 793 and a proximal bearing 795, e.g. ball bearings or 
roller bearings, allow rotor and vanes 752 to rotate within 
motor outer housing 790. A distal motor end cap 792A and a 
proximal motor end cap 792B provide backing for distal 
bearing 793 and a proximal bearing 795 to ride between. 
Distal motor end cap 792A and a proximal motor end cap 
792B also seal motor outer housing 790 at each end, provid 
ing an air-tight cavity for vanes 752 to rotate within. 
0113 FIG. 11A is a perspective view of remote valve 800. 
Remote valve 800 includes a firing button 802, a cocking 
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button 804, an actuator rod 806, a remote valve body 810, and 
finger bars 812. Air pressure from a console (not shown) 
enters remote valve 800 at console inlet 814. Firing line 152 
(see FIG. 1) is sealingly engaged to firing port 828. Biopsy 
line 156 (see FIG. 1) is sealingly engaged to biopsy port 826. 
When firing button 802 is pressed toward remote valve body 
810, pressure is vented from firing port 828 and firing line 152 
and outer cannula 160 is rapidly extended distally (described 
in detail with respect to FIGS. 4, 14, and 15). Pressure is then 
applied to biopsy port826 and biopsy line 156. When cocking 
button 804 is pressed towards remote valve body 810, pres 
sure is vented from biopsy port 826 and biopsy line 156 and 
pressure is then applied to firing port 828 and firing line 152. 
0114 FIG. 11B is a perspective view of remote valve 800 
in a tubing arrangement for use with Surgical device 100. An 
aspiration line 920 is connected to glue well 220 and ulti 
mately to inner cannula 162 (see FIG. 3). Aspiration line 920 
provides vacuum from console 194 and is used to pull fluids, 
tissue, and/or generally remove irrigation from the target site. 
A removable tissue filter canister 922 is connected in-line 
with aspiration line 920 where harvested tissue may be col 
lected for analysis. Console inlet 814 (see also FIG. 11A) is 
connected to a pressure line 928 which is controlled by con 
Sole 194. 

0115 Saline line 154 is connected to surgical device 100 
(see FIG. 1) and to a selectively closable valve that may 
include a stopcock 890 or a fitting (i.e., a luer lock) that may 
be selectively opened and closed. A saline port 892 is asso 
ciated with stopcock 890. Saline port892 connects to a saline 
Source (e.g., a saline bag) but may also be connected to other 
types of liquid sources such as bag containing a treatment 
fluid. Saline line 150 may also include an injection port 894 
that allows a user to inject Substances to be transported to the 
target site. In one example, a user may inject an anesthetic into 
injection port894 and the anesthetic may be transported to the 
target site along with saline or alone. Stopcock 890 may also 
be selectively activated close-off the saline source from saline 
port 892 allowing saline line 150 to be vented to the atmo 
sphere through an atmospheric line 896. This allows the user 
to selectively aspirate the target site, aspiration line 920, and 
collection canister 922, for example, after tissue is resected to 
remove fluids from the system. 
0116 FIG. 12A is a cross-sectional view of remote valve 
800 in a cocked position 840. Remove valve 800 includes a 
first port 850, a second port 852, a third port 854, a fourth port 
856, and a fifth port 858. First port 850 and fifth port 858 are 
connected to firing port 828 and firing line 152. First port 858 
also includes a one-way check valve that does not allow 
pressure from firing line 152 to flow into remote valve 800 
(also described with respect to FIGS. 13A and 13B). For 
example, if the console is turned off or inlet air to remote 
valve 800 is removed, then the check valve will keep the 
device in the cocked position. Second port 852 is connected to 
console inlet 814 and a pressure source. Third port 854 is 
connected to biopsy port 826 and biopsy line 156. Fourth port 
856 is open to the atmosphere and serves as a vent. 
0117 Actuator rod 806 extends through remote valve 800 
and includes a first seal 848, a second seal 846, a third seal 
844, and a fourth seal 842. Seals 846 and 848 may be config 
ured as o-rings. Seals 842 and 844 may be configured as 
quad-rings (or four-lobed rings having parting lines away 
from the sealing Surface) to prevent pressurized air from first 
port 850, and third port 854 from venting as seals 842, 844 
pass over them. As actuator rod 806 is traversed through 
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remote valve body 810, seals 842, 844, 846, 848 create air 
flow regions for ports 858, 856, 854, 852, 850 to selectively 
connect to each other or vent to the atmosphere to control 
operation of surgical device 100. As shown in FIG. 12A, 
remote valve 800 is in a cocked position 840 where second 
port 852 is connected to first port 850 by way of seals 842 and 
844 that and cavity 857 between actuator rod 806 and remote 
valve body 810. Cocked position 840 provides that air motor 
200 and spool 202 are in their proximal most positions within 
surgical device 100 (see FIG. 3). If the console were turned 
off while surgical device 100 was in the cocked position, air 
would remain in exhaust chamber 440 (see FIG. 7B) and 
Surgical device would remain in the cocked position until 
remote valve 800 were further manipulated due to the check 
valve. 
0118 FIG. 12B is a cross-sectional view of remote valve 
800 in an intermediate position 860 between cocked position 
840 (see FIG. 12A) and a fired position 870 (see FIG. 12C). 
Seal 842 is positioned over first port 850. Second port 852 is 
effectively isolated by first seal 842 and second seal 844. 
Moreover, first seal 848 is prepared to disengage from the 
inner periphery of remote valve body 810 and become free to 
the surrounding atmosphere (see FIG. 12C below). 
0119 FIG. 12C is a cross-sectional view of remote valve 
800 in fired position 870. First seal 848 is open to the atmo 
sphere resulting in fifth port 858, firing port 828, and firing 
line 152 being exhausted. For example, port 858 is open to the 
atmosphere via passage 874 as first seal 848 is no longer 
contacting remote valve body 810. Fired position 870 con 
trasts with the embodiment of FIG. 12A where first seal 848 
is in sealing contact with remote valve body 810 and second 
seal 846 and first seal 848 seal port 858 therebetween. 
0120 Because first seal 848 is an o-ring and is exhausted 
directly to the atmosphere across the entire circumference of 
the o-ring, rather than through a port (see FIGS. 12A and 
12B), a larger volume of air may be exhausted. Such a rapid 
exhaust assists in the rapid deployment, or firing, of spool 202 
and outer cannula 160 (see FIGS. 4 and 14). 
0121 Third port 854 is then connected to second port 852, 
console inlet 814, and a pressure source from a console (not 
shown). When third port 854 and second port 852 are con 
nected by virtue of first seal 842, second seal 844 and cavity 
872, pressure is applied to biopsy cavity 808 and air motor 
200 is moved forward in biopsy mode slightly after spool 202 
is fired forward (described in detail below with respect to FIG. 
15). 
0122 FIG. 13A is a cross-sectional view of an alternative 
embodiment of a remote valve 880 in a cocked position. 
Remote valve 880 includes a thumb trigger 882, a pressure 
port 888, and a pressure channel 886. Thumb trigger 882 is 
used to move a valve body 884 within remote valve 880. Valve 
body 884 further includes a first seal 904, a second seal 902, 
and a third Seal 900. Port 912 and check valve 910 are con 
nected to firing line 152. Vent ports 892 and 894 are open to 
the atmosphere. Check valve 910 prevents pressure from 
firing line 152 from entering remote valve 880. However, 
check valve 910 allows pressure from pressure port 888 (con 
nected to a console) to pressurize firing line 152. When in the 
cocked position, seals 900 and 902 prevent pressure from 
pressure port 888 from escaping anywhere other than through 
check valve 910. Seals 902 and 904 prevent port 912 from 
venting the pressure of firing line 152. 
0123 FIG. 13B is a cross-sectional view of an alternative 
embodiment of a remote valve 880 in a fired position. Thumb 
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trigger 882 is moved forward and thus, moves valve body 884. 
Port 912 is open to the atmosphere via vent 892. Thus, firing 
line 152 is also vented to the atmosphere. Then, pressure port 
888 then pressurizes biopsy line 156 and is sealed by seals 
900 and 902. The sequence is reversed to go from a fired to a 
cocked position. 
0.124 FIG. 14 is a cross-sectional view of surgical device 
100 in the fired position 510 with inner cannula 162 retracted. 
Air pressure is removed from firing line 152 which reduces 
pressure under exhaust piston 320. Exhaust piston 320 then 
moves downwardly and spool cavity 434 is vented to the 
atmosphere. A rapid escape of pressure at firing port 216 
allows for spring 462 to thrust spool 202 distally and fire outer 
cannula 160 to the target site (see FIG. 4). Spring 462 is left in 
an extended position 522 and spool 202 is left in a fired 
position 512. Air motor 200 is in a proximal position 514 
without air pressure applied to biopsy line 156 and biopsy 
port 210. Thus, inner cannula 162 is also distally positioned. 
The action of firing surgical device 100 is effected by remote 
valve 800 (described in detail with respect to FIGS. 11-12C, 
and shown in the fired position with respect to FIG. 12C). 
0.125 FIG. 15 is a cross-sectional view of surgical device 
100 in the fired position 530 withinner cannula 162 advanced. 
Air pressure is applied to biopsy port 210 and biopsy cavity 
808 where the pressure moves air motor 200 distally. A larger 
biopsy cavity 811 is created from the movement of air motor 
200 distally. Inner cannula 162 also moves distally by virtue 
of being fixed to air motor 200. In the distal position, tissue is 
severed at the target site (see FIG. 6B). The tissue is drawn 
proximally along inner cannula 162 which remains sealed by 
o-ring seal 816. Pressure applied to motor inlet 212 enables 
rotation of air motor 200 to rotate inner cannula 162 when air 
motor 200 is advancing. The rotation of inner cannula 162 
while the biopsy cutting operation is taking place assists in 
providing a clean cut. When air motor 200 is activated for 
rotation, air pressure flows from motor inlet 212, through air 
motor 200, and is vented to the atmosphere at motor exhaust 
214. Pressure applied to motor inlet 212 is via motor line 154 
and is controlled by a foot switch (not shown) or directly from 
a console (not shown). When air motor 200 is driven distally, 
spring 462 compressed to a compressed state 538. The biopsy 
cycles between aperture open (FIG. 14) and aperture closed 
(FIG. 15). 
(0.126 FIG. 16 illustrates a general process flow 2000 for 
using an embodiment of surgical device 100. The process 
flow is an example of how surgical device 100 may be used in 
a hospital and/or doctor's office. Each of the steps, and their 
order, is merely exemplary of a typical usage of Surgical 
device 100 and it is understood that deviations from general 
process flow 2000 in the addition of steps, omission of steps, 
reordering of steps, and repetition of steps may be performed 
based on clinical needs or other criteria. A general process 
flow 3000 for using a separate trocar 575 to create a pathway 
for cutting element 132 is shown in FIG. 17. 
I0127. Referring now to FIG. 16, at step 2010, the sterile 
Surgical device 100 is unpackaged from sealed sterile ship 
ping/storage packaging. The package is removed from a stor 
age area and placed into a console tray designed to hold 
Surgical device 100 and the associated tubing and connectors 
prior to use. The console tray is typically designed to have a 
footprint that matches the packaging. The process then con 
tinues with step 2015. 
I0128. At step 2015, surgical device 100 is connected to 
console 194 (see FIG. 1A). In general, console 194 provides 
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air pressure and vacuum, as well as control logic, for Surgical 
device 100. A user connects saline line 150, firing line 152, 
motor line 154, and biopsy line 156 to console 194. Saline line 
150 may also be connected externally from console 194 to a 
saline bag. The process then continues with step 2020. 
0129. At step 2020, console 194 is powered on. Console 
194 performs a self-test of its internal systems in preparation 
for use with surgical device 100. For example, inputs, outputs, 
vacuum and pressure systems are tested for proper function 
ality. The process then continues with step 2025. 
0130. At step 2025, surgical device 100 is tested using 
console 194. A protective sheath (not shown) is typically a 
plastic tube and is placed over outer cannula 160 (see FIG. 4) 
without introducer cannula 104 in place. The protective 
sheath allows surgical device 100 to prime and test the saline 
delivery and aspiration systems. In general, the protective 
sheath allows a vacuum to beachieved within the system. The 
protective sheath is typically already placed over outer can 
nula 160 when shipped. Thus, the user typically confirms that 
the protective sheath is in place rather than placing it on 
separately. A “setup' mode button is pressed on console 194 
to begin the testing process. The entire system is then primed 
with saline, including surgical device 100. Saline is pulled 
through outer cannula 160 and sucked into inner cannula 162 
using aspiration vacuum. The Saline is then pulled through the 
removable filter/collection canister 922 (see FIG. 11B). The 
user may then view collection canister 922 filling with saline 
to show that the system and surgical device 100 are working 
properly. The process then continues with step 2030 
0131. At step 2030, the sheath covering the outer cannula 

is removed upon completion of testing Surgical device 100, 
console 194, and the saline system. The process then contin 
ues with step 2035. 
0.132. At step 2035, the introducer system, including intro 
ducer cannula 104 and introducer hub 126 (see FIG. 1), is 
placed over outer cannula 160. An example of an introducer 
cannula 104 is described in co-pending U.S. patent applica 
tion Ser. No. 10/649,068, entitled “INTRODUCTION SYS 
TEM FOR MINIMALLY INVASIVE SURGICAL 
INSTRUMENTS’ filed Aug. 27, 2003 by Joseph L. Market 
al., the contents of which are included in their entirety herein. 
Alternatively, the introducer system may be locked into ver 
tical portion 408 of adapter 112 (see FIGS. 7A and 17). The 
process then continues with step 2040. 
0133. At step 2040, surgical device 100 is cocked. Remote 
valve 800 is set to the cocked position (shown in FIG. 12A). 
The process then continues with step 2045. This step may also 
be performed after surgical device 100 is mounted in step 
2O45. 

0134. At step 2045, surgical device 100 is mounted to 
adapter 112 which in turn is mounted on a movable portion of 
a stereotactic table. Surgical device 100 is secured onto 
adapter 112 and latch 180 is engaged with adapter 112 for 
positive attachment (see FIG. 3). The mounting is performed 
by sliding surgical device 100 onto the rail portion 476 of 
adapter 112 (see FIG. 17). The process then continues with 
step 2050. 
0135. At step 2050, a needle guide (used to stabilize intro 
ducer cannula 104) is advanced toward the patient. For 
example, in the case of a breast biopsy the needle guide is 
advanced toward the patient's breast. This can be accom 
plished manually or by using the stereotactic table position 
ing controls. For example, using table controls to advance the 
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needle guide includes enabling the table's motor and then 
inputting the appropriate X/Y location. The process then con 
tinues with step 2055. 
0.136. At step 2055, the location of the target site is veri 
fied. Typically, Stereotactic location pairs (e.g., two or more 
images taken from different angles) are used to confirm the 
location of introducer cannula 104 relative to the target site. 
Once the target location is confirmed, the process then con 
tinues with step 2060. 
0.137. At step 2060, surgical device 100 is positioned given 
the Z-location of the target site. Typically, the Z location is a 
manual adjustment made by the user. Z positioning is stopped 
short by the exact distance of the firing stroke of Surgical 
device 100. That is to say, the position of introducer cannula 
104 is advanced to a position where, when outer cannula 160 
is fired; the center of aperture 250 (see FIG. 4) is precisely 
located at the target site. The process then continues with step 
2O65. 

0.138. At step 2065, outer cannula 160 is fired to the target 
site. Surgical device 100 is fired using remote valve 800. 
Outer cannula 160 is fired and trocar tip 134 rapidly pierces 
the patient's tissue to leave cutting element 132 at the target 
site (described in detail above with respect to FIGS. 1 and 4). 
The process then continues with step 2070. 
(0.139. At step 2070, the biopsy process is performed. 
Biopsy cores are severed and pulled through the system to 
collection canister 922 by the aspiration vacuum. Users typi 
cally rotate aperture 250 in a predetermined pattern to sample 
at a predetermined number of angles around the target site. 
For example, a user may rotate aperture 250 from positions at 
10:00 to 12:00 to 2:00, taking a biopsy sample at each loca 
tion. Moreover, the user may sample continuously around the 
target location. In a typical sampling, the user takes biopsy 
samples at 2:00, 4:00, 6:00, 8:00, 10:00, and 12:00 positions. 
In doing so, the user rotates aperture 250 using rotator 106 
(see FIG. 1) when indicated by an alerting mechanism, Such 
as an audible alarm or blinking light or a combination thereof. 
In an embodiment having an audible alarm, once the user 
hears the alarm, the user then has a predetermined time 
(which is adjustable) to turn rotator 106 and aperture 250, 
before the next biopsy sample is taken. For example, console 
194 may be placed into biopsy mode which triggers an auto 
matic sampling every five seconds. When console 194 beeps, 
the doctor may turn aperture 250 to the appropriate location at 
each and every beep. The process then continues with step 
2075. 
0140. At step 2075, the biopsy process is completed and 
the user may verify that tissue has been resected from the 
patient and is trapped in collection canister 922. The process 
then continues with step 2080. 
0.141. At step 2080, biopsy cavity may be lavaged. The 
lavage function allows for the placement of markers in a clean 
cavity. It also allows for the clearing out of bodily fluids from 
collection canister 922 before removal and harvesting of the 
cores taken. To lavage the biopsy cavity, console 194 is set 
into lavage mode where aperture 250 is open, and saline 
flushes the system and the target site for about 30 seconds. 
The user may selectively shorten or lengthen the lavage time 
until clean fluid is seen passing through the collection canister 
922. The process then continues with step 2085. 
0142. At step 2085, the saline supply is disabled and the 
target site/biopsy cavity is aspirated. Surgical device 100 is 
also aspirated which removes fluids, e.g. saline and bodily 
fluids, from the system. To aspirate the system, stopcock 890 
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(see FIG. 11B) or a selectively operable luer lock, is moved to 
close the saline supply and opens saline line 150 to atmo 
sphere. Thus, with console 194 in lavage mode, a vacuum is 
pulled through the system and without Saline; the aspiration 
removes any fluids in the system. Once the collection canister 
922 is clear of saline, it can be removed without undue leaking 
of saline or bodily fluids to provide for a cleaner working 
environment for the user through reduced spillage of fluids. 
Moreover, removal of remote collection canister 922 allows 
the specimen to be taken to a radiograph machine so that 
images may be taken in real-time or near real-time while the 
patient remains prone over the Stereotactic table. The process 
then continues with step 2090. 
0143. At step 2090, the biopsy cores are harvested from 
collection canister 922 (see FIG. 11B). The process then 
continues with step 2095. 
0144. At step 2095, a treatment may be applied to the 
biopsy cavity. Treatments may include, for example, saline 
wash, haemostatic agents, drugs, or other therapies may be 
applied or introduced to the target site through saline line 150 
and outer cannula 160. The process then continues with step 
21 OO. 

0145 At step 2100 surgical device 110 is removed from 
adapter 112 and the stereotactic table. For removal, latch lever 
108 is pushed up by the user to unlock surgical device 100 
from adapter 112. The user then slides surgical device 100 off 
of rail 476 (see FIG. 9A). Leaving introducer locked into 
adapter 112. Introducer and needle guide remain. At step 
2100, surgical device 100 is removed from adapter 112 and is 
appropriately packaged for disposal and console 194 (see 
FIG. 1A) is powered off Introducer cannula 104 remains 
partially within the patient and is attached to vertical portion 
408 by hub snap feature 412 (see FIGS. 7 and 7A). Thus, 
introducer cannula 104 provides access at distal end 130 of 
introducer cannula 104 (see FIG. 1) to the target site for 
insertion of treatments, substances, and/or markers. Seal 410 
Substantially prevents introducer cannula 104 from leaking 
(e.g., as blood, saline, adjuvant treatments, etc.) material from 
the target site. The process then continues with step 2110. 
0146. At step 2110, if desired, a surgical site marker is 
deployed through introducer cannula 104. A marker delivery 
system (not shown) may be used that is sized to introducer's 
internal diameter and length. Thus, when a marker is 
deployed, leakage is reduced from introducer cannula 104 
and the marker will be placed precisely in the location where 
tissue was resected at the target site. Examples of a suitable 
marker delivery system are disclosed in co-pending U.S. 
patent application Ser. No. 1 1/305,141 by Terry D. Hardinet 
al., filed on Dec. 16, 2005, the contents of which are disclosed 
herein in its entirety. A deployment pushrod will Snap into 
introducer hub 126 to exactly locate the end of the deploy 
ment pushrod and mark at the exact location of the aperture 
that was used to sample. The Surgical site marker is typically 
pushed down the lumen of introducer cannula 104 to provide 
a locating mechanism to ascertain the position of the target 
site in the future. The process then continues with step 2115. 
0147 At step 2115, the marker delivery system is removed 
from introducer cannula 104. Alternatively, the marker sys 
tem and introducer cannula 104 may be removed at the same 
time by unlatching introducer hub 126 from adapter 112. The 
process then continues with step 2020. 
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0.148. At step 2120, the marker location is confirmed using 
an imaging modality (Such as, e.g., Stereotactic X-ray photog 
raphy or ultrasound). The process then continues with step 
2025. 

0149. At step 2125, introducer cannula 104 is removed 
from adapter 112 and is discarded. However, step 2125 is 
skipped when the user chooses to remove the marker delivery 
system and introducer cannula 104 in the same step as 
described above in step 2115. The process then continues 
with step 2030. 
0150. At step 2130, the needle guide is removed and dis 
carded. Adapter 112 remains attached to the stereotactic table 
and may be cleaned if necessary. The process then ends. 
0151. In some cases a user of surgical device 100 may 
desire to use a separate trocar to create a pathway for Surgical 
device 100. For example, in those embodiments where surgi 
cal device 100 includes a blunt tip end rather than trocar tip 
134, it is desirable to usetrocar 575 to facilitate the creation of 
the pathway. A general process flow for utilizing trocar 575 is 
set forth in FIG. 17. 

0152. At step 3010, the sterile trocar 575 is unpackaged 
from a sealed sterile shipping/storage package. The process 
then continues with step 3015. 
0153. At step 3015, trocar 575 is connected to trocar 
holder 540. Trocar holder 540 is a permanent piece that does 
not come into contact with bodily fluids. As such, it is reus 
able for multiple procedures. A portion of trocar 575 is 
engaged with seats 550, 552. In one embodiment, trocar 
holder 540 is provided with a clip 570 that snaps into engage 
ment with a groove 573 formed on a sidewall of trocar 575 to 
fixedly attachtrocar 575 to trocar holder 540. Once trocar 575 
is engaged with trocar holder 540, the process then continues 
with step 3020. 
0154) At step 3020, the introducer system, including intro 
ducer cannula 104 and introducer hub 126 is locked into 
vertical portion 408 of adapter 112 (see FIGS. 7A and 17). 
The process then continues with step 3025. 
(O155 Next, at step 3025, trocar holder 540 with trocar 575 
secured thereto, is mounted to adapter 112, which in turn is 
mounted on a movable portion of a stereotactic table. More 
specifically, receiving grooves 542, 544 are engaged with 
edges 746 of adapter 112 and slid along adapter 112 until a 
bottom portion of trocar holder 540 reaches slot 488. At slot 
488, trocar holder snaps into place to fixedly secure trocar 
holder 540 to adapter 112. Further, a tip of trocar 575, which 
is secured to trocar holder 540, enters into and extends 
through introducer cannula 104 as trocar holder 540 is slid 
along adapter 112. Once trocar holder 540 is secured to 
adapter 112, the process proceeds to step 3030. 
0156 Like the process flow described in connection with 
FIG. 16, at step 3030, a needle guide is advanced toward the 
patient. The process then continues with step 3035. 
(O157 At step 3035, the trocar 575, with the introducer 
cannula 104 positioned therearound, is advanced toward the 
patient, through the needle guide, to create a pathway. This 
may be accomplished by using the stereotactic table position 
ing controls. The process then continues with step 3040. 
0158. At step 3040, the positioning of trocar 575 and/or 
introducer cannula 104 is verified to insure that the pathway 
created by trocar 575 leads to the desired target site. In one 
embodiment, Stereotactic location pairs (e.g., two or more 
images taken from different angles) are used to confirm the 
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location of trocar 575 and/or introducer cannula 104. Once 
the target is confirmed, the process then continues with step 
3O45. 

0159. At step 3045, trocar 575 is withdrawn from intro 
ducer cannula 104. In one embodiment, trocar holder 540 is 
released from slot 488 and slid backward along edges 746 of 
adapter 112, until trocar holder 540 (still carrying trocar 575) 
is disengaged with adapter 112. Once disengaged, clip 570 of 
trocar holder 540 is activated to release trocar 575. 

0160. In another embodiment, trocar 575 is released from 
trocar holder 540 (by activation of clip 570) and withdrawn 
from introducer cannula 104. Then, trocar holder 540 is 
released from slot 488 and slid backward along edges 746 of 
adapter 112 until holder is disengaged with adapter 112. In 
both embodiments, introducer cannula 104 remains in regis 
tration with the target site. Blood and other bodily fluids are 
prevented from flowing through intruder hub 126 by a nor 
mally closed seal therein. The process then proceeds to step 
3OSO 

(0161. After trocar 575 is removed, at step 3050, surgical 
device 100 is then mounted to adapter 112 which is already 
secured to a movable portion of the stereotactic table. Prior to 
mounting surgical device 100 to adapter 112, steps 2010 
2030, 2040 from the process flow described in connection 
with FIG. 16 are performed. 
0162. When mounting surgical device 100 to adapter 112, 
a cradle 114 of surgical device 100 is slid along edges 746 of 
adapter 112 untilafront face surgical device 100 engages wall 
portion 408 and latch tongue 470 engages latch slot 472. 
Further, while surgical device 100 is slid along adapter 112, 
outer cannula 160 is inserted into introducer cannula 104 and 
is moved therethrough. When surgical device 100 is moved 
and locked into position on adapter 112, cutting element 132 
of outer cannula 160 extends outwardly from a distal end of 
introducer cannula 104 (see FIG.1). Once surgical device 100 
is mounted to adapter 112, the process follows steps 2070 
2130 described in connection with FIG. 16. 
0163 The present invention has been particularly shown 
and described with reference to the foregoing embodiments, 
which are merely illustrative of the best modes for carrying 
out the invention. It should be understood by those skilled in 
the art that various alternatives to the embodiments of the 
invention described herein may be employed in practicing the 
invention without departing from the spirit and scope of the 
invention as defined in the following claims. It is intended that 
the following claims define the scope of the invention and that 
the method and apparatus within the scope of these claims and 
their equivalents be covered thereby. This description of the 
invention should be understood to include all novel and non 
obvious combinations of elements described herein, and 
claims may be presented in this or a later application to any 
noveland non-obvious combination of these elements. More 
over, the foregoing embodiments are illustrative, and no 
single feature or element is essential to all possible combina 
tions that may be claimed in this or a later application. 
0164. With regard to the processes, methods, heuristics, 

etc. described herein, it should be understood that although 
the steps of such processes, etc. have been described as occur 
ring according to a certain ordered sequence. Such processes 
could be practiced with the described steps performed in an 
order other than the order described herein. It further should 
be understood that certain steps could be performed simulta 
neously, that other steps could be added, or that certain steps 
described herein could be omitted. In other words, the 
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descriptions of processes described herein are provided for 
illustrating certain embodiments and should in no way be 
construed to limit the claimed invention. 
0.165 Accordingly, it is to be understood that the above 
description is intended to be illustrative and not restrictive. 
Many embodiments and applications other than the examples 
provided would be apparent to those of skill in the art upon 
reading the above description. The scope of the invention 
should be determined, not with reference to the above 
description, but should instead be determined with reference 
to the appended claims, along with the full scope of equiva 
lents to which Such claims are entitled. It is anticipated and 
intended that future developments will occur in the arts dis 
cussed herein, and that the disclosed systems and methods 
will be incorporated into such future embodiments. In sum, it 
should be understood that the invention is capable of modifi 
cation and variation and is limited only by the following 
claims. 
0166 All terms used in the claims are intended to be given 
their broadest reasonable constructions and their ordinary 
meanings as understood by those skilled in the art unless an 
explicit indication to the contrary is made herein. In particu 
lar, use of the singular articles such as “a,” “the “said,” etc. 
should be read to recite one or more of the indicated elements 
unless a claim recites an explicit limitation to the contrary. 

What is claimed is: 
1. A Surgical system comprising: 
a Surgical device comprising: 

a housing including a distal end; 
a cutting element extending from the housing at the 

distal end, wherein the cutting element may be selec 
tively rotated and translated; and 

an adapter configured to selectively and detachably 
receive the Surgical device and secure the Surgical 
device thereto Such that the Surgical device is pre 
vented from moving independently from the adapter. 

2. The system of claim 1, further comprising a cradle top, 
wherein the cradle top receives a portion of the Surgical 
device and cooperates with the adapter to secure the Surgical 
device to the adapter. 

3. The system of claim 2, wherein the adapter includes a 
base section that receives a bottom portion of the cradle top 
and a wall portion that extends upwardly from the base sec 
tion. 

4. The system of claim 3, wherein the cradle top further 
comprises a latch that cooperates with a latch member formed 
on a portion of the base section of the adapter to selectively 
and detachably secure the cradle top to the adapter. 

5. The system of claim 1, wherein the adapter further 
includes at least one mounting hole formed therein for secur 
ing the adapter to a selectively movable stage. 

6. The system of claim 1, further comprising an introducer 
assembly that comprises an introducer hub and an introducer 
cannula. 

7. The system of claim 6, wherein the introducer assembly 
is removably secured to a portion of the adapter such that the 
introducer assembly is prevented from moving independently 
from the adapter. 

8. The system of claim 7, wherein the introducer assembly 
is secured to a wall portion of the adapter that extends 
upwardly from a base portion of the adapter. 
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9. The system of claim 6, wherein the introducer hub 
includes a normally closed seal that may be selectively 
opened by the introduction of a portion of cutting element of 
the Surgical device. 

10. The system of claim 1, further comprising a console 
that Supplies power and vacuum to the Surgical device. 

11. The system of claim 10, further comprising a tissue 
collection canister operably connected to the Surgical device 
for receiving tissue samples excised by the Surgical device. 

12. The system of claim 11, wherein the tissue collection 
canister is positioned remotely from the Surgical device and 
operably connected thereto by an aspiration line. 

13. The system of claim 12, wherein one end of the aspi 
ration line is connected to portion of the Surgical device. 

14. The system of claim 1, further comprising a rotator 
operatively connected to the Surgical device, wherein the 
rotator is selectively rotatable to position the cutting element. 
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15. The system of claim 14, further comprising a rotation 
indicator that indicates the position of the cutting element. 

16. The system of claim 15, wherein the rotation indicator 
is a window that is formed in a portion of the housing of the 
Surgical device so to expose an inner portion having indicia 
that rotates along with the rotator. 

17. The system of claim 1, further comprising a remote 
valve operably connected to the surgical device, wherein the 
remote valve is selectively actuatable to operate the cutting 
element of the Surgical device. 

18. The device of claim 1, further comprising a fluid line for 
delivering fluid to said cutting element. 

19. The device of claim 1 further comprising a trocar holder 
and a trocar, wherein the trocar holder may be selectively and 
detachably engageable with the adapter to position the trocar. 

20. The device of claim 1, wherein the trocar may be 
selectively disengaged with the trocar holder. 
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