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ABSTRACT

A disposable biopsy instrument kit comprising a biopsy instrument including at
least two coaxially disposed tubular members movable relative one another to sever a
discrete tissue sample from a patient; and an alignment member removably attached to
the biopsy instrument, wherein the alignment member retains the at least two coaxially
disposed tubular members 1n a fixed relative position and orientation with respect to

each other.
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BI1OPSY SYSTEM

This 1s a division of Canadian Application 2,351,331, filed November 24, 1999.

BACKGROUND
1. Technical Field

This disclosure relates to a system and method for the biopsy of tissue
specimens and, more particularly, to a single insertion, multiple sample percutaneous

biopsy system and method.

2. Background of Related Art

It 1s often necessary to sample tissue in order to diagnose and treat patients
suspected of having cancerous tumors, pre-malignant conditions and other diseases or
disorders. Typically, in the case of suspected cancerous tissue, when the physician
established by means of procedures such as palpation, x-ray or ultrasound imaging that

suspicious conditions exist, a biopsy is performed to determine whether the cells are
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cancerous. Biopsy may be done by an open or percutaneous technique. Open biopsy
removes the entire mass (excisional biopsy) or a part of the mass (incisional biopsy).

Percutaneous biopsy on the other hand 1s usually done with a needle-like instrument and

may be either a fine needle aspiration (FNA) or a core biopsy. In FNA biopsy, individual

cells or clusters of cells are obtained for cytologic examination and may be prepared such

as in a Papanicolaou smear. In core biopsy, as the term suggests, a core or fragment tissue

is obtained for histologic examination and can be performed via frozen section or paraffin.

section. In more recent developments, percutaneous techniques have been used to remove

the entire mass during the initial procedure.

The type of biopsy utilized depends in large part on the circumstances present
with respect to the patient and no single procedure is ideal for all cases. Core biopsy,
however, is extremely useful in a number of conditions and is being used more
frequently.

Intact tissue from the organ or lesion 1s preferred by medical personnel in order to
arrive at a definitive diagnosts regarding the patient's condition. In most cases, only part
of the organ or lesion need be sampled. The portions of tissue extracted must be
indjcative of the organ or lesion as a whole. In the past, to obtain adequate tissue from
organs or lesions within the body, surgery was performed so as to reliably locate, identify
and remove the tissue. With present technology, medical imaging eguipment such as
stereotactic x-ray, fluoroscopy, computer tomography, ultrasound, nuclear medicine and
magnetic resonance imaging, may be used. These technologies make it possible to
identify small abnormalities even deep within the body. However, definitive tissue

characterization still requires obtaining adequate tissue samples to charactenze the
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histology of the organ or lesion.

Mammography can identify non-palpable (not perceptible by touch) breast

abnormalities earlier than they can be diagnosed by physical examination. Most non-
palpable breast abnormalities are benign but some are malignant. When breast cancer is
diagnosed before it becomes palpable, breast cancer mortality can be reduced. It is still
difficult to determine if pre-palpable breast abnormalities are malignant, as some benign
lesions have mammographic features which mimic malignant lesions and some malignant
lesions have mammographic features which mimic benign lesions. Thus, mammography

has its limitations. To reach a definitive diagnosis, tissue from within the breast must be

removed and examined under a microscope.
The introduction of stereotactic guided percutaneous breast biopsies offered

alternatives to open surgical breast biopsy. With time, these guidance systems have
become more accurate and easier to use. Biopsy guns were introduced for use in
conjunction with these guidance systems.

Biopsy devices used in connection with the above-mentioned guidance systems,
particularly those used for diagnostic procedures, suffered from various drawbacks.
These devices are manufactured for use with a specific guidance system. Use with other
systems requires modifications and adaptations to the biopsy device.

Use of current devices can be limuted due to their length. Current designs may be
too long or contain configurations for particular mammography tables. Therefore, the
above-mentioned devices may not be usable with more than one guidance system without

modification or may not be adaptable at all.

In many biopsy procedures, it 1s necessary to retrieve samples from different

3



W Sy W

CA 02701699 2010-04-27

orientations at a tissue site. Another disadvantage of current devices is the inability to
recall at what position a previous sample was taken. Another drawback suffered by
current devices is severing tissue with a knife that is hand driven. This results in
inconsistent sample size due to resilient tissue that may be encountered. Further, the

firing of a biopsy gun and manipulation of a biopsy device into tissue may cause

" undesired collateral damage to untargeted tissue and surrounding bodily structures which

may result in poor tissue sampling.

Therefore, a continuing need exists for percutaneous biopsy apparatus which can
reliably extract adequate biopsy sample(s) with a single insertion of the biopsy instrument
and has the versatility to be used in conjunction with various guidance systems used for
retrieving tissue samples without the necessity of extensive modifications or adaptations.
Preferably, such an apparatus provides an accurate and precise location and retrieval of
tissue samples with minimized collateral damage to untargeted tissue and surrounding
bodily structures. The apparatus may include the ability to recall sample retrieval
position. The apparatus may also include the ability to control the rate for severing a
sample. Most preferably, ergonomic enhancements are included for facile manipulation

of_the apparatus.

SUMMARY

The present disclosure describes systems and methods for the biopsy of tissue
specimens, and more particularly, to a single insertion multiple sample percutaneous
biopsy system that has the versatility to be used in conjunction with various types and

sizes of imaging guidance systems, for example, prone table systems and upright sitting
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systems, used for retrieving tissue samples without the necessity of modifications or
adaptations. The system, preferably, provides an accurate and precise location and
retrieval of tissue samples with minimized collateral damage to untargeted tissue and
surrounding bodily structures. Most preferably, ergonomic enhancements are included

for facile manipulation. The versatility of the system 1s provided, at least in part, by its

novel design and configuration.

The system is used in connection with vacuum assisted biopsy, which can be used
for diagnosis. The system allows an operator to extract multiple samples of suspect tissue
without withdrawing the active biopsy instrument from a patient to retrieve each separate
tissue sample. The disclosed system and methods provide little or no need for stitches and
the patient may resume normal activities almost immediately.

In one embodiment, in accordance with the present disclosure, a biopsy system,
such as, for example, a biopsy apparatus is provided which includes a carriage housing
defining a cavity therewithin. A biopsy instrument, such as, for example, an insertion
unit is supported within the cavity of the housing. A finng module engages a wall of the
housing and operatively engages the insertion unit for delivering a vacuum tube, defining
a fluid passageway therein and a tissue basket, of the insertion unit towards a targeted
tissue site. A tissue stripping member is disposed on the vacuum tube. The insertion unit
may be disposable and suitable for various types of housings.

, A tubular knife member is included within the insertion unit and 1s rotatably and
reciprocatingly coaxially disposed about the vacuum tube. The tubular knife member has
a cutting edge for severing tissue. An outer tube is included which 1s, preferably, made

from a radiolucent material and coaxially disposed about the tubular knife member. The

S
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outer tube may include a radiopaque marker disposed thereon.

The housing may include a cover for maintaining the insertion unit within the
cavity. A cover latch assembly may be provided and mounted to the housing. The
housing may include wheel knobs for proper calibration and positioning of carriages for

-~ support of the insertion unit. Preferably, a latch and a lock cooperate with the wheel

-~

. -

. ‘knobs to maintaiii the carriages in position.

The carriage housing may include a knife carriage for supporting the tubular knife
member of the insertion unit. A knife advance assembly 1s, preferably, included to bias
the tubular knife member between a range of motion for enhanced ergonomic control. A
trocar carriage may be included in the carriage housing for support of the vacuum tube.
Preferably, the trocar carriage is driven towards the tissue sample site by a ram of the
firing module.

In another embodiment, the firing module has a module latch assembly for
releasably engaging the firing module with the carmmage housing. The module latch
assembly includes a release button to release the finng module from the carriage housing.
A firing release assembly is included to prevent fining of the hammer when the firing

mogule is disengaged from the housing. A ram is included which is mounted to a rocker
arm facilitating motion of the ram. The rocker arm can be actuated by springs. A trigger
button engages a latch assembly that releases the rocker arm. The rocker arm causes the

ram to drive the insertion unit into a lesion of a patient.
In a further alternative embodiment, a biopsy system, in accordance with the

presenf disclosure is provided. The biopsy system includes a housing and a biopsy
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instrument operatively associated with the housing. The biopsy instrument 1s configured
and dimensioned to remove a tissue sample from a patient. The biopsy instrument may
include a tissue receiving portion. A firing module similar to that previously noted is

detachably engageable with the housing and operatively associated with the biopsy

instrument to facilitate selective rapid advancement of at least a portion of the biopsy

instrumcnt toward a targeted location with the patient. The biopsy system 1s adaptable to
fit on an upright diagnostic biopsy table. Further, the biopsy instrument can be
removable from the biopsy system.

The system may include an indexing assembly disposed within the
housing and configured to cooperate with the biopsy instrument to selectively onent the
tissue receiving portion. The biopsy instrument can include a tubular member cooperating
with the tissue receiving portion. The indexing assembly includes a camming assembly
disposed on the tubular member. The camming assembly may include a first cam
member mounted to the tubular member. The first cam member is configured to engage a
second cam member disposed within the housing. The first cam member is also
configured to engage a third cam member disposed within the housing.

. The indexing assembly may include 2 manual gearing assembly
configured for selective orientation of the tissue receiving portion. The biopsy instrument
may alternatively include a tubular member having a tissue receiving portion disposed
near a distal end thereof. The biopsy instrument can further include a tubular knife
member coaxially disposed relative to the tubular member and configured for actuation

relative to the tubular member for severing tissue.



e — _—

CA 02701699 2010-04-27

A linear advancement contro] assembly can be disposed within the
housing and configured to effect linear actuation of the tubular knife member. The linear
advancement control assembly may includ: a plurality of beanings mounted within the
housing and configured to effect linear movement of the tubular knife member. The

plurality of beanings may include three bearings oriented relative to each other such that

" the tubular knife member may be snap fit in between two of the bearings. The plurality

of bearings may be oriented and configured such that contact surfaces of the respective

bearings form a partially helical thread which effects axial translation of the tubular knife

member.

An optical sensor may be disposed adjacent a portion of the tubular knife
member and onented to detect the onentation of a lateral opening formed through the
tubular knife member. A carnage may be slidably disposed within the housing and
configured to releasably retain at least a portion of the biopsy instrument within the
housing.

In another alternative embodiment, the biopsy system includes a housing
and a biopsy Instrument operatively associated with the housing. The housing includes a
first, tubular member having a tissue basket formed near a distal end thereof. The tissue
basket 1s configured for retnieval of tissue. The biopsy instrument further includes a
tubular knife member coaxially disposed relative to the first tubular member and
configured for cooperative movement with the first tubular member to sever a tissue

sample from a patient. An indexing assembly is operatively engageable with the biopsy

instrument for selective orientation of the tissue basket.
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A method of performing a surgical biopsy is disclosed including the steps

of inserting a biopsy apparatus, as described above, into tissue of a patient at a first tissue
sampling site, applying suction to the tissue basket to draw tissue mto the tissue basket,

severing the tissue from the first tissue sampling site by actuating the tubular knife

member of the biopsy instrument, retracting the tissue basket from the first tissue sample

site for removal of tissue from the tissue basket such that a cam being disposed on the

first tubular member interacts with a cam assembly disposed within the housing to onient
the tissue basket to a predetermined orientation, and removing tissue from the first tissue
sampling site from the tissue basket remote from the first tissue sampling site. The
method may further include the step of returning the tissue basket-to the first tissue
sampling site as determined by the indexing assembly. The method may further include
the step of orienting the tissue basket at a second tissue sampling site as determined by
the indexing assembly. The method may further include the step of applying suction to
the tissue basket to draw tissue into the tissue basket. The method may still further
include the step of severing tissue from the second tissue sampling site by actuating the
tubular knife member. The method may further include the step of retracting the tissue
basket from the second tissue sampling site for removal of tissue from the second tissue
sampling site.

In yet another alternative embodiment, the biopsy system includes a
disposable biopsy instrument kit which includes a biopsy instrument including at least
two coaxially disposed tubular members movable relative one another to sever a discrete

tissue sample from a patient and an alignment member removably attached to the biopsy
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Instrument. The alignment member retains the at least two coaxially disposed tubular

members 1n a fixed relative position and onientation with respect to each other.

In another embodiment, the biopsy instrument includes a drive apparatus
having a housing and a carnage assembly slidably disposed within the housing. The
carriage assembly 1s adapted to receive and removably retain a biopsy instrument. A
firing rhodulé is detachably engageable with the housing and operatively associated with
the carmage assembly to facilitate selective rapid linear advancement of the carriage

assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present disclosure are described herein with
reference to the drawings, wherein:

FIG. 115 a perspective view of one embodiment of a biopsy apparatus
constructed in accordance with the principles of the present disclosure;

FIG. 2 15 an enlarged side cross-sectional view in elevation of a portion of

the biopsy apparatus of FIG. I;

FIG. 3 1s an enlarged perspective view of a forward end of the biopsy

”

apparatus of FIG. 1;
FIG. 3A 1s an enlarged perspective view of an H-latch;

FIG. 3B 1s an enlarged perspective view of a forward end of the biopsy

apparatus from the opposite perspective of FIG. 3;

FIG. 3C 1s an enlarged perspective view of a knob wheel for engaging a

10
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knob lock:

FIG. 4 is a perspective view of the biopsy apparatus of FIG. 1 with the

three main components separated,

FIG. 5 is a perspective view of an insertion unit component of the biopsy

--m e

- apparatus of FIG. 1;

FIG. 6 is a side cross-sectional elevation view of the insertion unit;

FIG. 7 15 an enlaréed cut-away section of the indicated area of detail of -
FIG. 6, which shows the distal portion of the insertion unit;

FIG. 8 is a perspective view of the insertion unit with parts separated,;

FIG. 9 is a perspective view of one embodiment of a firing module portion

of the biopsy apparatus;

FIG. 10 is a perspective view of the reverse side of the embodiment shown

in FI1G. 9,

FIG. 11 is a perspective view with a cover plate separated to 1iliustrate the

functional elements of the finng module;

FIG. 11A is a cut-away section of the indicated area of detail of FIG. 11

showing one embodiment of the insertion end of the firng module;

FIG. 11B is a perspective view with parts separated of the firing module

embodiment of FIG. 9;

FIG. 12 is an enlarged side cross-sectional view of the finng module;

FIG. 13 1s an enlarged side view in cross-section illustrating a reverse

angle of the embodiment shown 1n FIG. 12;

11
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FIG. 14 1s an enlarged side view in cross-section of the insertion end of the

embodiment shown in FIG. 13, illustrating the operation of a firing safety mechanism:

FIG. 15 1s an enlarged side view in cross-section showing actuation of the

finng module;

FIG. 16 1s an enlarged side view in cross-section showing operation of the

reset mechanism of the finng module;

FIG. 17 1s a perspective view of an alternative embodiment of a biopsy

system constructed in accordance with the present disclosure:

FIG. 18 1s a perspective view with parts separated of the biopsy system

shown in FIG.17;
FIG. 19 1s a perspective view with parts separated of one embodiment of a
housing shown in FIG. 17 and components of the biopsy system disposed therein;

FIG. 20 1s an enlarged perspective view showing one embodiment of an

indexing assembly of the biopsy system of FIG. 17:

FIG. 21 1s a perspective view with parts separated of a biopsy instrument

for the embodiment shown in FIG. 17 and an indexing assembly;

. F1G. 22 15 an enlarged perspective view of a calibrator for the biopsy

instrument shown in FIG. 21;

FI1G. 23 1s an enlarged partial perspective view of the interaction of the

calibrator with the biopsy instrument;

FIG. 24 1s an enlarged partial perspective view of the reverse side of the

view shown in FIG. 23;

12
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FIG. 25 is an enlarged perspective view of a tissue basket face cam of the

biopsy instrument shown 1n FIG. 21;

FIG. 26 is an enlarged perspective view of the reverse side of the view

shown in FIG. 25;
| FIG. 27 is an enlarged perspective view of a position cam of the biopsy
. iﬁs&umcﬁt sho{vn‘in FIG. 21;
FIG. 28 is an enlarged perspective view of a removal cam of the biopsy

instrument shown in FIG. 21;

FIG. 29 is an enlarged cut-away section of the indicated area of detail

shown In FIG. 20:

FIG. 30 is an enlarged cut-away section of the indicated area of detail

shown 1n FIG. 20;

FIG. 31 is an enlarged side view of a portion of the biopsy system shown

in FIG. 17;

FIG. 32 is an enlarged cut-away section of the indicated area of detail of

FIG. 31;

FIG. 33 is an enlarged partial perspective view of the biopsy system

-

shown in FIG. 17 with the housing cover components removed to illustrate the vanous

functional assemblies of the biopsy system;

FIG. 34 is a top cross-sectional view of the biopsy system shown in FIG.

33 taken along section line 34-34;

FIG. 35 is an enlarged cut-away section of the indicated area of detail of

13
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FIG. 34;

FIG. 36 is an enlarged perspective view of the various components

disposed near the distal end of the biopsy system housing shown in FIG. 17;

FIG. 37 1s a cross-sectional view of one embodiment of a hinear

advancement control assembly taken along section line 37-37 of FIG. 36;

FIG. 38 is a partial view taken along section line 38-38 of FIG. 37; and

FIG. 39 is a block diagram of a logic controller of the blopsy system.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
== L RITIAVNN VIS BALMEPLAKY ENMBODIMENTS

The present disclosure is directed to a biopsy system and method for the

biopsy of tissue specimens and, more particularly, to a single insertion multiple sample

percutaneous biopsy system and method.

In general, as shown in FIG. 1, the biopsy system hereinafter referred to
as biopsy apparatus 10 includes a camriage housing 12, a biopsy instrument, such as, for
example, insertion unit 14, and a finng module 16. These elements of the apparatus
cooperate to facilitate retrieval of multiple tissue specimens wherein insertion unit 14
includes a vacuum tube 76 having a tip portion, such as, for example, a penetrating tip 78
and a lateral opening, such as, for example, a tissue basket 80 that is introduced into a
target mass 1n a patient’s breast. Suction is applied which is communicated to an area
adjacent tissue basket 80 to a vacuum plate, such as, for example, a tissue support plate
82 to draw at least a portion of the target tissue mass into tissue basket 80. A knife tube

64 is advanced distally around the outside of vacuum tube 76 while rotating, in order to

14
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sever the target tissue portion from the surrounding tissue mass.

Once the target tissue portion is severed, vacuum tube 76 with penetrating
tip 78 is retracted through knife tube 64 in order to remove the sample. In particular,
upon retraction, tissue basket 80 is exposed adjacent to a tissue receptacle location.
Retraction of vacuum tube 76 to the tissue receptacle location brings a tissue stripper
blaie 110 into-tis:sue support plate 82 contact with the target tssue portion, removing It
from and preferably causing it to fall into a receptacle. Alternatively, stnpper plate 110
may be omitted and the tissue retrieved by way of conventional methods, for example,

grasping with forceps. A detailed explanation of retrieval of the target tissue portion, for

example, 1s provided in U.S. Patent No. 6,142,955 issued November 7, 2000.

Referring now in specific detail to the drawings in whuch like reference
numerals identify similar or identical elements throughout the several views, and initially
to FIG. 1, one preferred embodiment is shown generally as biopsy apparatus 10. As
noted above, biopsy apparatus 10 includes a carniage housing 12, an insertion unit 14 and
a firing module 16. Referring temporarily to FIG. 4, insertion unit 14 1is received and
supported within carriage housing 12 for operative engagement therewith. Finng module
16 is laterally received within an opening formed in carnage housing 12 for operative
engagement with carriage housing 12 and insertion unit 14,

As shown in FIG. 2, carriage housing 12 extends axially from a proximal

end 20 to a distal end 22 and defines a cavity 24 therewithin for support of insertion unit

15
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14 and receipt of finng module 16 (FIG. 1). Preferably, carriage housing 12 includes a

drive unit and system controls elements of insertion unit 14. An example of a drive umit

and system controls is disclosed in U.S. Patent Publication 2001/0011156

entitled “Biopsy Instrument Driver Apparatus” filed on February 20,

1998.

' Referring to FIGS. 2-4, carriage housing 12 includes a cover 26 hingedly
attached to carmage housing 12 to maintain insertion unit 14 within housing 12. Cover 26
includes tabs 28 mounted thcref)n for recetving and maintaining an H-latch 30, as shown
in FIG. 3A, mounted to cover 26. H-latch 30 includes a foot 32 for cooperating with a
cover latch assembly 34 included within carriage housing 12, as shown in FIG. 3, for
maintaining cover 26 1n a closed position.

Cover latch assembly 34 includes an outer latch 36 and an inner latch 38.
Outer latch 36 and 1nner latch 38 cooperate with foot 32 of H-latch 30 to maintain cover
26 1n a closed position. Housing 12 further includes wheel knob 40 for orientation of a
tissue basket of insertion umit 14. Wheel knob 40 is adjusted using an analog clock
configuration to rotate a vacuum tube 76 (FIG. 7) of insertion unit 14. It is contemplated
that various incremental configurations may be used to manipulate the positioning of
insertion unit 14.

Wheel knob 40 cooperates with cover latch assembly 34 to maintain wheel
knob 40 in the “12 o’clock”™ position while cover 26 is in the open position. As shown in
FIGS. 1 and 3, inner latch 38 may include a pin 230 to engage wheel knob 40 in the “12

o’clock” position while cover 26 15 1n the open position. In the open position a shaft 56

16
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to which wheel knob 40 is attached engages latch assembly 34.
As illustrated in FIG. 3B, carriage housing 12 includes a knob lock 50.
Knob lock 50 is resiliently biased in an upward direction. Knob lock 50 may be directed

downward by a cam 51, preferably, mounted to cover 26. As cover 26 1s manipulated to

| an open position, knob lock 50 is directed upward by cam 51. Knob lock 50 defines

'cha‘nnel- 53 for receipt and locking of a rear wheel knob 54. Rear wheel knob 54 has a flat
55 to engage channel 53. Wheel knob 40 and rear wheel knob 54 are positioned 1n
carriage housing 12 in a generally parallel orientation and attached by a shaft 56, shown
in FI1G. 3.

Carriage housing 12 further includes knife tube control 42, shown in
FIGS. 3 and 3B, for controlling movement of a knife tube 64 from either side ( FI1G. &
and described herein below) of insertion unit 14, Knife tube control 42 includes a pair of
marnual knobs 46, one disposed on each side of insertion unit 14, for controlling
advancement and retraction of knife tube 64. Manual knob 46 is rotatable through a
range of motion which biases between selected range limits. Preferably, manual knob 46
has a range of motion that includes a stroke of approximately 60°. Most preferably, kmfe
advance assembly 42 includes a cam face with a ball bearing assembly on a lever arm so

that a load increases gradually to a maximum threshhold at an over center position

providing enhanced ergonomic features for a more precise and facile control of knife tube

64.

Carriage housing 12 also includes a carriage assembly 400 shown in FIGS.

3 and'4, for receipt of insertion unit 14. Carriage assembly 400 includes a knife carriage

17
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410 for receipt and supporting engagement of knife tube 64 and a trocar carnage 420 for

receipt and supporting engagement of vacuum tube 76 ( FIG. 3 and described herein

below) of insertion unit 14.

Insertion unit 14, as shown in FIGS. 5 through 8, is supported within
carriage housing 12. Insertion unit 14 includes a calibrator member such as a release strip
60, as best shown in the exploded view of FIG. 8, which maintains the elements of
insertion unit 14 in the proper axial and rotational position for support within carriage
housing 12. Release strip 60 is configured so that insertion unit 14 may be positioned
within carriage housing 12 in one orientation only, so that insertion unit 14 is properly
calibrated or "registered" in conjunction with the alignment of wheel knob 40 for use.

Insertion unit 14 is, preferably, a single use disposable loading unit

meaning that it may be disposed after obtaining multiple biopsy specimens from a single

insertion. Insertion unit 14 is adapted for attachment to reusable carnage housing 12. As
shown in FIG. 5, insertion unit 14 includes an insertion end portion 62 configured and
dimensioned for percutaneous introduction into a patient. Insertion end portion 62

extends from a distal end 22 of carriage housing 12.

Referning to FIG. 8, insertion unit 14 includes a series of concentrically

-y

disposed tubular members. The first such tubular member is a knife tube 64 which has a

beveled angular cutting surface 66 formed at the distal end thereof and a laterally facing

tissue discharge port 68 disposed proximally of annular cutting surface 66. To assist in
the removal of fluids or the like, a laterally oriented vacuum port 70 is found adjacent the

distal end of an insertion unit housing 72 and is, preferably, connected to a vacuum

18
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source (not shown) which may be actuated by the user.
A gear 74 is securely mounted onto knife tube 64. The assembled knife
tube 64 is supported within carriage housing 12. Gear 74 meshes with a gear connected

to a commercially available motor to rotate knife tube 64 at approximately 1200 rpm.

Knife tube 64 is disposed within carriage housing 12 such that simultaneous rotational

and longimdihal‘n'anslational movement thereof 1s facilitated.

A vacuum tube 76 is concentrically disposed within knife tube 64 such
that a penetrating tip 78 extends out the distal end of knife tube 64 beyond annular cutting
surface 66. In this manner, penetrating tip 78 and knife tube 64 form a substantially
continuous penetrating assembly for insertion into a patient’s tissue, for example, a
compressed breast. A tissue basket 80 is formed adjacent the distal end of vacuum tube
76. Tissue basket 80 faces laterally and is defined by a tissue support plate 82 which 1s
provided with a series of vacuum holes 84 formed longitudinally therealong. A
proximal-most vacuum hole 86 is formed a distance away from the series of holes 84.
Vacuum hole 86 is provided to assist in sealing off the distal end of knife tube 64 to
prevent too great a loss of vacuum force through apparatus 10 so that the rerﬁaining
vacuum holes 84 can efficaciously pull the target tissue into tissue basket 80. «

As shown in cross-section in FIGS. 6 and 7, tissue plate 82 1s, preferably,

arcuately shaped and secured to vacuum tube 76 by welding or the like having a
substantially continuous surface depression formed near the distal end of vacuum tube 76.
This arcuate or sinusoidal shape of tissue plate 80 in combination with the fact that knife

tube 64 represents the outer most diameter of apparatus 10 at the point of insertion

19
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facilitates taking larger tissue samples than with other existing tissue sampling apparatus
geometry.

Referring back to FIG. 8, a vacuum port adapter 90 securely mounts to a
proximal end 92 of knife tube 64. Gear 74 cooperatively engages vacuum port adapter 90

about knife tube 64. Vacuum port adapter 90 securely mounts to vacuum line 96. A

R— ort 0% defines an opening 100 which securely mounts to a proximal end 102 of

vacuum line 96. Vacuum port 98 is seated within a2 vacuum collar 104 in a fluid tight
engagement. Vacuum collar 104 receives a vacuum connector 106. Vacuum connector
106 facilitates attachment of 2 vacuum hose (not shown) which 1s connected to a vacuum
source (not shown) to provide a vacuum supply to vacuum line 96. Vacuum line 96 is in
fluid communication with vacuum tube 76 and vacuum tube 76 is in fluid communication

with tissue basket 80.

Extraction of a tissue sample from within tissue basket 80 is facilitated by
a tissue stripping clip 110 which is in the form of 2 modified leaf spring having a collar
portion 112 configured and dimensioned to slidably mount onto knife tube 64, in
alignment with tissue discharge port 68. It 1s contemplated that collar portion 112 may
also be opened sided. Tissue stripping clip 110 includes an inwardly deflected distal end
portion 114 which is held to bias against the outer surface of vacuum tube 76 to facilitate
stripping of the tissue sample upon retraction of vacuum tube 76 within knife tube 64.
Tissue stripping clip 110 may additionally be provided with a coating material or
lubricant to reduce the friction forces along the surface of tissue stripping clip 110 which

may come into contact with the sample tissue being extracted. In this manner, the tissue
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would be more readily removed from tissue basket 80 with less likelihood of adherence to
tissue stripping clip 110. Any suitable known friction-reducing coatings may be applied

to tissue stripping clip 110 and/or tissue plate 82.

A radiolucent outer tube 120 1s attached to a sliding clip 124 which

provides removable attachment to housing 72 at the distal end thereof. Quter tube 120 is

radiolucent so that 1t may be left at the tissue sampling cite for imaging of the suspect

tissue without the presence of the radiopaque knife tube 64 and vacuum tube 76. Outer
tube 120 is, preferably, provided with at least one radiopaque marking such as a
peripheral line to indicate the longitudinal spacing of the sampling site in order to provide
the user with an indication of the tissue sampling area.

Sliding clip 124 1s provided with a pair of delectable legs 126 which fit
within parallel receiving slots formed on the underside of housing 72. Receiving slots
128 are formed on the underside of housing 72. A pair of diamond shape camming
surfaces 130 are formed along a wall portion on the underside of housing 72. Camming
surfaces 130 act as temporary stops which resist longitudinal movement of shding clip
124. Upon complete distal movement of shding clip 124, the distal end of outer tube 120
1s substantially aligned with the distal end portion of the location of tissue basket 80 at
insertion in the target tissue mass thus providing a marker for the location of the tissue
sampling site upon removal of apparatus 10 from the suspect tissue region.

Referring temporarnly back to FIG. 5, insertion unit 14 includes an
indicator arrow 150 for proper placement of insertion unit 14 within housing 12.

Referning now to FIGS. 9-16, firing module 16 will now be described in
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detail. As illustrated in FIGS. 9 and 10, finng module 16 is shown prior to engagement
with apparatus 10. As shown in FIG. 4, an insertion end 15 of firing module 16 is

laterally and shdably inserted within carriage housing 12.

Finng module 16 includes a module latch assembly 180 that releasably

secures finng module 16 to carmage housing 12, as shown in FIGS. 11, 11A and 11B.

Latch interface 181 of module latch assembly 180 pivots about a pin 182 and is resiliently

biased by a latch spring 183 in a counter-clockwise direction to engage carriage housing.
12. To release firing module 16 from carriage housing 12, module latch assembly 180
includes a latch release button 184 that 1s manually depressed to release firing module 16
from carnage housing 12.

As shown in FIGS. 11, 11B, 13 and 14, firing module 16 includes a firing
safety mechanism such as release assembly 300 that prevents firing of a ram 190 when
firing module 16 is disengaged from apparatus 10. Firing release assembly 300 includes
a cam 302, a pin 304, a spring 306 and a latch pin 308. Cam 302 and spring 306 are
supported by pin 304 and fixed by latch pin 308, pin 304 extending exterior from firing
module 16 (FIG. 9). Firing release assembly 300 1s resiliently biased in an axial direction
by spring 306. Firing module 16 1s inserted 1nto carmage housing 12 and pin 304 is
depressed forcing cam 302 rearward, permitting motion of ram 190, as shown in FIGS.
13 and 14.

As shown in FIG. 11B, finng module 16 includes ram 190 which 1s
fixedly mounted by a ram pin 192 to a rocker atm 194. Rocker arm 194 is mounted to

firing module 16 and pivots about bearing assembly 196, facilitating motion of ram 190.
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Bearing assembly 196 includes bearing flange 310, thrust washer 312 and bearing pin

314.

Firing module 16 further includes finng springs 202 for actuating rocker

arm 194. Rocker arm 194 includes rocker rods 195 for supporting firing springs 202

- thereon. Finng springs 202 are further supported on spring rods 204 which are fixedly

fnoﬁnted to ﬂriné module 16. Spring rods 204 and rocker rods 195 provide guided
support for firing springs 202 into active engagement with rocker arm 194. A cocking
latch release assembly 206 engages rocker arm 194 to maintain springs 202 in a
compressed position over spring rods 204. This configuration provides the maximum
potential energy within springs 202 which when released, provide a transfer of the
maximum kinetic energy of springs 202 to rocker arm 194,

Cocking latch release assembly 206 includes a cocking latch 320 which is

resiliently biased by cocking springs 322 about a pin 324. Cocking latch 320 rocks about
pin 324 to release rocker arm 194 to fire ram 190. To release cocking latch 320 from
engagement with rocker arm 194, a trigger button 208 1s depressed. Trigger button 208 is
mounted by pin 211 to firing module 16 and resiliently biased against cocking latch 320
by.cocking springs 322. Cocking springs 322 are supported on latch 320 by latch legs
321. Finng module 16 may be reset or re-cocked using cocking arm 210 to compress

springs 202 to 2 maximum potential energy position in engaging contact with rocker arm

194,
Cocking arm 210 1s mounted to firing module 16 and pivots about cocking

arm pin 212. Cocking arm 210 1s resihiently biased in a counter-clockwise direction
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about pin 212 by arm spring 216, as best shown in FIGS. 15 and 16. Cocking arm 210
further includes a cocking bearing 200 supported by bearing pin 201. As shown in FIG.
15, in the un-cocked position, beaning 200 contacts rocker arm 194. Cocking arm 210 is
manipulated in a clockwise direction ( as viewed in the perspective of FIG. 16) whereby
bearing 200 forces rocker arm 194 into engagement with cocking latch release assembly
206 and into a reset orientation. Cocking of rocker arm 194 forces a camming motion
with latch 320 which thereby resets tngger button 208 so that finng module 16 may be

fired forcing ram 190 to drive insertion unit 14. Finng module 16 may be slidably

received in either side of carmage housing 12.

Referming now to FIGS. 13-16, the operation of biopsy apparatus 10 will
now be described. Apparatus 10 1s compatible with vanious guidance systems for
diagnostic biopsies and provides interchangeability with such guidance systems with
minimum or no modification. This versatility 1s due in part to its novel configuration and
reduction in overall length of housing 12 due to the removable finng module 16 being a
separate element of the system.

As shown in FIG. 4, cover 26 1s manipulated to an open position. As
shown in FIG. 3, outer latch 36 is in a counter-clockwise most position and inner latch 38
in a clockwise most position for receipt of foot 32 of H-latch 30. Wheel knob 40 is in the
"twelve o’clock" position for proper orientation and positioning of knife carmage 410 and
trocar carriage 420 for receipt and supportive engagement of knife tube 64 and vacuum
tube 76, respectively, of insertion unit 14 within carriage housing 12. Pin 230 on inner

latch 33 maintains wheel knob 40 1n the "twelve o’clock” position and is fixedly mounted
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to inner latch 38.
As shown in FIGS. 3B and 3C, rear wheel knob 54 and knob lock 50 also
function to maintain positioning of knife carriage 410 and trocar carmniage 420 for receipt

and supportive engagement of insertion unit 14. Wheel knob 50 and rear wheel knob 54

-4-.-‘--—_“—

- cooperate through shaft 56.
o ‘ I;scrtion unit 14 1s installed within carriage housing 12. Carriage strip 60
is removed from insertion unit 14 and the components are snapped into carriage housing
12. Cover 26 is closed. Wheel knob 40 and rear wheel knob 54 may be slid rearward and
disengaged from latch assembly 34 and knob Jock 50, respectively. Latch assembly 34
engages foot 32 to maintain cover 26 In a closed position and support of insertion unit 14
by carmage héusing 12.

Apparatus 10 1s now installed on an imaging guidance system, for
example, stereotactic guidance system (not shown). Firing module 16 is slidably inserted
within carriage housing 12. Clock wheel knob 40 is slid back, preferably, by
approximately a distance of .94 inches so that 1t contacts ram 190 which will be projected
to engagingly contact trocar carniage 420 for piercing a lesion of a patient. Cocking arm
210 1s manipulated to cock ram 190 of firing module 16 into a finng ready position.

Firing release assembly 300 1s depressed so that motion of ram 190 is
permitted. Wheel knob 40 and rear wheel knob 54 are slid rearward to 2 contacting
relation with ram 190.

The stereotactic guidance system 1s adjusted so that tip portion 62 of

insertion unit 14 is adjacent a suspect lesion (not shown) for diagnostic treatment.
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Trigger button 208 is depressed forcing ram 190 to impart its kinetic energy on trocar
carriage 420 engage insertion unit 14, thereby piercing the lesion. Preferably, ram 190
drives only trocar carriage 420 forward thereby minimizing the amount of mass acted

upon by ram 190 and maximizing the force imparted on vacuum tube 76.

Referming to FIGS. 17 and 18, an alternate embodiment of a biopsy system

 chown gener aIly‘aS biopsy system 510, for insertion and retrieval of tissue such as, for

example, breast biopsy specimens or samples, is disclosed. Biopsy system 510 includes
a housing 512 and a biopsy instmment, such as, insertion unit 514. Insertion unit 514 is
operatively associated with housing 512 and configured and dimensioned to remove
multiple tissue samples from a patient with a single percutaneous insertion of the whole
instrument.

A firing module 516 1s detachably engageable with housing 512 and
operatively associated with insertion unit 514 to facilitate selective rapid advancement of
at least a portion of the biopsy instrument toward a targeted location with the patient.
Firing module 516 is laterally received within a cavity 518 defined by housing 512 for
operative association with insertion unit 514, One of the advantages of the disclosed
biopsy system is the facilitation for an operator to extract multiple samples of suspect
tissue without withdrawing the entire system from the patient. Further, the system
advantageously permits sampling from various radial orientations relative to the biopsy
instrument. This results in minimal scarring and outpatient conditions that permit the
patient to resume normal activities immediately. Biopsy system 510 may cooperate with

a prone table set up, an upright table set up or other diagnostic/treatment apparatus
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configurations.

Housing 512 extends axially from a proximal end to a distal end of system

510 and defines a cavity 520 for support of insertion unit 514, Housing 512 includes a
motorized drive unit and system controls. An example of a drive unit and system

controls is disclosed in U.S. Provisional Application Serial No. 60/078,748, descnibed

above.

Referring to FIG. 19, biopsy system 510 includes several operational

components and mechanisms disposed within housing 512. Housing 512 includes side

covers 522, a front cover 524, arear cover 526 and a base plate 528 for enclosing the

various components.

A carmage 530 1s slidably disposed within housing 512 and is configured
to releasably retain at least a portion of insertion unit 514 withun housing 512. Camage
530 is a retaining mechanism with an over center arrangement configured to retain
insertion unit 514 in proper position after actuation of finng module 516. Retainers 532
are mounted to a drive sled 534 and rotate about bushings 536. A spring 537 facilitates
resilient motion of retainers 532 about bushings 536.

. Referring to FIGS. 19 and 20, drive sled 534 is supported within housing
512 by carriage rails 670. Cammage rails 670 are attached to rear cover 526 and are
received by bushings 536. A lockout 672 is attached to a bottom surface of carnage 530.
Lockout 672 cooperates with a distal detent 674 and a proximal detent 676 providing
movable limits of carriage 530. A tissue basket retract slide 678 is mounted to carmage

530 for manipulation thereof. Tissue basket retract slide 678 includes levers 680 attached
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by a bar 682. A stop 684 prevents motion of carriage 530 at a distal most position. Stop
684 defines cavities 686 for receipt of portions of insertion unit 514.

Insertion unit 514 1s releasably received within a cavity 538 of drive sled
534 for releasable receipt within housing 512. Upon receipt within cavity 538, retainers
532 are caused to retain insertion unit 514 in position. Upon actuation of firing module
516, retainers 532 allow motion of insertion unit 514 therein due to firing while
maintaining proper positioning.

An optical sensor 540 1s disposed adjacent a portion of biopsy instrument
514 (such as, for example, a tubular knife member, described in greater detail below).
Optical sensor 540 is oniented to detect a marker (not shown) disposed on insertion unit
514 to determine orientation of the insertion unit (such as a lateral opening in the tubular
knife member) discussed below in detail with regard to FIG. 39. Optical sensor 540
includes the required electronics and hardware known to one skilled in the art for sensing
position and determining onentation such as, for example, a programmable logic control
circuitry generally designated as 542. The details of such circuitry will be addressed later
herein in detail with reference to FIG. 35.

. Referring to F1G. 20, insertion unit 514 is supported within housing 512.
Insertion unit 514 includes, as shown 1n FIG. 21, a release strip, such as, for example,
calibrator 544 for maintaining the components of insertion unit 514 in proper relative
axial and radial orientation for loading with housing 512. Calibrator 544 is received

within openings 545 formed with insertion unit 514,

Referring to F1G. 22, calibrator 544 includes pegs 547 for engaging
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insertion unit 514. Refermnng to FIGS. 23 and 24, pegs 547 engage portions of insertion
unit 514 (such as the knife tube and vacuum tube, discussed below) so that insertion unit
514 may be positioned within housing 512 1n a proper onentation, such as, for example,
so that a tissue basket of the insertion unit 1s positioned in the "12 o’clock" position so
that insertion unit 514 is properly calibrated in conjunction with the alignment of system
5 1-0. This faéil&ates cooperation so that, for example, the components of insertion unit
514 can be snapped nto housing 512, as will be described below. Calibrator 544 orients
insertion unit 514 so that a tissue basket, descnbed below, 1s also in a "twelve o’clock”
position. Insertion unit 514 cannot be loaded into housing 512 unless the tissue basket is
in the "twelve o’clock" position. This advantageously prevents misalignment of the
components and incorrect positioning of the tissue basket. Insertion unit 514 is a single
use loading unit and contemplated to be interchangeable with different housings.

Referring to FIG. 21, insertion unit 514 includes a senes of concentrically
disposed tubular members including a tubular knife member, such as, for example, knife
tube 548, similar to that described with regard to FIGS. 1-17. Knife tube 548 has a
beveled angular cutting surface 550 and a lateral opening formed therethrough, such as,
far example, laterally facing tissue discharge port 552. Actuation of knife tube 548 and
connection to a vacuum source Is descnbed above.

Insertion unit 514 also includes a first tubular member, such as, for
example, trocar 554, similar to vacuum tube 76, described with regard to FIGS. 1-17, and
coaxially disposed within knife tube 548, A tissue basket 556 is formed adjacent to the

distal end of trocar 554 and 1s configured and dimensioned similarly to that described
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with regard to FIGS. 1-17. A vacuum line 555 1s positioned in fluid communication with

the lumen of trocar 554. Actuation for retneval of samples and connection to a vacuum

- source is also similarly described below.

A radiolucent outer tube 710 1s attached to a shding clip 712 which
provides removable attachment to insertion unit 514 at a distal end thereof. Outer tube
710 is radiolﬁce;t so that it may be left at the tissue sampling cite for imaging of the
suspect tissue without the presence of the radiopaque knife tube 548 and trocar 554.
Outer tube 710 is, preferably, provided with at least one radiopaque marking such as a
peripheral line to indicate the longitudinal spacing of the sampling site in order to provide
the user with an indication of the tissue sampling area.

Sliding clip 712 is provided with a pair of deflectable legs 714 which fit
within parallel receiving slots 716 formed on the underside of insertion unit 714. A pair

of camming surfaces 718 are formed along a wall portion on the underside of insertion

~ unit 514, Camming surfaces 718 act as temporary stops which resist longitudinal

movement of sliding clip 712. Sliding clip 712 includes a cavity 720 for alignment and
support of outer tube 710 therein. A cavity 722 of insertion umt 514 also aligns and
supports outer tube 710.

Upon complete distal movement of sliding clip 712, the distal end of outer
tube 710 is substantially aligned with the distal end portion of the location of tissue
basket 556 at insertion in the target tissue mass thus providing a marker for the location
of the tissue sampling site upon removal of apparatus 510 from the suspect tissue region.

Biopsy system 510 includes an indexing assembly 558 operatively
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engageable with insertion unit 514 for selective orientation of tissue basket 556.
Indexing assembly 558 includes a camming assembly disposed in cooperation with trocar

554 and an indexing gear assembly 688 that facilitates indexing movement of indexing

assembly 558. The camming assembly allows apparatus 510 to retrieve samples having

 tissue basket 556 at different radial orientations that can advantageously recall the

—

position of the prior sample taken. This arrangement provides an auto-indexing feature
for recalling position of the prior sample and resetting for proper position for subsequent.
sample removal which advantageously increases efficiency of the biopsy sample
procedure.

As shown in FIG. 21, in conjunction with FIGS. 25-28, indexing assembly
558 includes a first cam member 562, FIGS. 25 and 26, for mounting to trocar 554. First
cam mcmbﬁr 562 is configured to cooperate with a second cam member 564, FIG. 27,
disposed within housing 512 to orient tissue basket 556 to a predetermined onentation for
obtaining a discrete tissue sample. First cam member 562 1s further configured to
cooperate with a third cam member 566, FIG. 28, disposed within housing 512 to onent
tissue basket 556 to a predetermined orientation for removal of a tissue sample.

. Referring to FIG. 29, indexing assembly 558 includes a manual gearing
assembly 563, FIG. 20, configured to selectively orient tissue basket 556. Manual
gearing assembly 568 includes a pair of thumb wheels 571 facilitating manual onientation
of tissue basket 556 and proper alignment within housing 512. Second cam member 564
is oriented with manual gear assembly 568 for indexing tissue basket 556 to the desired

radial orientation for sample retrieval, sample removal or assembly of system 510.
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Referming temporarily to FIG. 19, thumbwheels 571 are supported within housing 512 by
an index carrage 690. Side covers 522 define apertures 692 for exposing at least a
portion of thumbwheels 571 for manipulation thereof.

With continued reference to FIG. 29, system 510 is assembled by

manipulating thumbwheels 571 of manual gear assembly 568 so that the second cam

* member 564 is in the "twelve o’clock” position. Knife tube 548 is received by second

cam member 564. Correspondingly, as shown in FIG. 30, first cam member 562 is

received by carriage 530 whereby retainers 532 retain first cam member 562 and insertion

unit 514 therein.

Refernng to FIG. 31, tissue retneval of a discrete tissue sample is
facilitated by system 510 having second cam member 564 oriented in the "twelve
o’clock" position with trocar 554 therein. First cam member 562 is mounted to trocar
554. Refemng to FIG. 32, trocar 554 and first cam member 562 a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>