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(57) Abstract: A biopsy device comprises a coring and transport assembly and a distal beak assembly. The distal beak assembly may
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SOFT TISSUE CORING BIOPSY DEVICES AND METHODS

BACKGROUND

{8001] FEmbodiments relate to medical devices and methods. More particularly,
embuodiments relate to single wisertion, multiple sample soft tissue biopsy and coring devices

and corresponding methods for retnieving mnltiple soft fissue biopsy samples using a smgle

msertion.
SUMMARY
[6002] Embodunents are drawn o various medical devices and methods that are

nsed for core biopsy procedures. According to one embodanent, a biopsy cormg/delivery device
may be configured to retrieve mmitiple samples of normal andfor abnormal appeanng tissues
during a smngle msertion through the skin (percutaneons procedure) mto the, for example, soft
tissue area of the body from which the biopsy is taken. Faobodiments may comprise structures
and functionality for different phases of a mmlti-phase biopsy procedwre. For example,
embodiments may comprise a pre-treatinent of the area and/or of the abnormal tissne, or the
debivery of fracer materials for tracking the potential spread or flow patterns whereby the
abnormal tissues {such as cancerous fissues) may metastasize. Embodimments may also comprise
an mtra-procediure delivery of medications that may anesthetize tissnes at the site, or the delivery
of other therapeutic agents such as pro-coagulants and others, as well as delivery of post-
procedure miaterials such as medications, unplantable materials for cosmetic purposes and other
mmplantable elements such as marking devices for later imaging reference. Embodmments of a
biopsy device, along with associated related subcomponents described herein, may provide the
capability to retiieve solid, contiguous andfor fragmented tissues as well as higiud and sepu-sohd
tissues for analysis, diagnosis and treatment. Embodiments may be configured to be portable,

cisposable or reusable and mav be electrically, mechanically andior manually powered and

operated.
BRIEF DESCRIPTION OF THE DRAWINGS
[{8083] Fig. 1 1s a perspective view of a core biopsy device accordmng to
embodiments;
[0004] Fig. 2 1s a perspective view of a core biopsy device accordimg fo one

embodiment;
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[8085] Frg 3 15 a side view of the core biopsy device of Fig. 1, showing mternal
components therent, according fo embodiments;

fa006] Fig. 4 is a perspective view of a beak assembly of the core biopsy device
of Fig. 1 in an open, coring and/or delivery position, according to embodiments;

[B007] Fig. § 13 a fop view of a beak assembly of the core biopsy device of Fig. 1
in a closed, penetration or part-off position, accordmng to embodiments:

[0008] Fig. 6 shows the cufimp, sharp cutting elements of a beak assembly

engaging a core sagple, according to one embodiment;

[06009] Fig. 7 1s a side view of a beak of a core biopsy device according fo one
embodiment:;

{60164 Fig. & 13 a sude view of a beak of a core biopsy device according fo one
embodiment:;

[a011] Fig. 9 15 a side view of a beak of a core biopsy device according o one
stnbodimment;

[8012] Fig. 10 ix a side view of a beak of a core biopsy device according to one
embaodiment;

[8013] Fig. 11 is a side view of a beak of & core biopsy device according to one
embodiment;

[0014] Fig. 12 13 a side view of a beak of a core biopsy device according fo one
embodiment:;

[6015] Fig. 13 13 a side view of a penetration/cormp/part-oftidelivery beak of a

core bropsy device m a closed, penetration or parf-off posihion as well as a superimposed, open

corng and/or delivery position with himge assemblies as shown, accordmg to one embodanent:

[8016] Fig. 14 15 a side view of one beak element of a penetratio/conmg/part-
off/delivery beak of a core biopsy device m an open coring andior delivery position, according
to one embodiment;

[8017] Fig. 15 15 a side view of a non-rotating or differentially rotating outer
tubular element of a core biopsy device and a section for iteractmg with a beak assembly

(mcluding, for example, elements 13}, according to one embodiment;

[0018] Fig. 16 1 a side view of a penetration‘cormg/part-offidelivery beak

assembly of a core biopsy device of Fig. 1 with one beak element in a closed, penetration or
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part-off position, with its mmer element shown m dash bnes, and another beak element mn an
open corg andior delivery position with its inmer element hidden by an outer sheath tube, and

hmge assembly, according 1o one embodiment;

[8019] Fig. 17 15 a side view of a beak assembly of a core biopsy device m a first
closed configuration, with an additional coring/transport/supporting element, according io one

embodinent;

[8026] Fig. 18 iz a side view of a beak assenibly of a core biopsy device m a
second mudway open configwation, with an additional cormgfransport/supporting element,

according io one embodiment;

[6621] Fig. 19 1x a side view of a beak assembly of a core biopsy device i a thurd
open to coring andior delivery positions, with an additional coring/trapsport/supporting element,

accordmg to one embodiment;

[8022] Fig. 20 13 a side perspective view of a beaks assembly of a core biopsy

device according to one embodunent;

[8023] Fig. 21 18 a sude perspective view of a beaks assembly of a core biopsy

device accordmg fo one embodiment;

[0024] Fig. 22 15 a side perspective view of a besks assembly of a core biopsy

device according to one embodiment;

[6625] Fig. 23a 15 a side view of fixed and binged beaks of a beak assembly
according to ome embodument m an open configuration, along with openmng and closing

actuating components, as well as hinge and pivot points;

[0026] Fig. 23b 1 a side view of fixed and hmged beaks of a beak assembly
according to one embodiment, m a closed configuration, along with opemng and closing
actuating components, as well as hinge and prvot ponts;

[0027] Fig. 24 18 a close up side view of a diving mechanism for components of
beak actuation elements of a biopsy device, as well as a dnvmg mechamsm for a vacuam
assisting element and a rack-and-puuon rack element of the present biopsy deviee, m addition to
a motor drive element of the present biopsy device, accordmg to one embodiment;

[0028] Fig. 25 15 a side view of phases of drive element relationships used to

actuate beak elements of a biopsy device, according to one embodiment;

[0029] Fig. 26 18 a side view of phases of duive element relationships used to
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actuate beak elements of a present biopsy device, aceording to one embodiment;

{80346 Fig. 27 15 a side view of phases of drive elenent relationslups used to

actuate beak elenients of the present hiopsy device, according to one smmbodiment;

[031] Fig. 28 15 a side wview of a non-rotabing or differentislly rotating ouler
fubular element of a core biopsy device and a section mteracting with {a} beak assembly of Fig
14, as well as vupplemental actuation aungmenting rod element(s) of the prexent biopsy device,

according fo one embodiment;

[08032] Fig. 29 1 a side-perspective view of a non-rotating or differentially
rotating outer tubular element of a core biopsy device and a section mteracting with a beak
assemibly, as well as supplemental actuation sugmenmting rod element{s) of present biopsy

device, according to one embodiment;

[8033] Fig. 30 1 a side view of a core biopsy device showmg wmfernal
components including a transport helical element, power supply. motor drrve umt, angmenting
vacuum elements and an external power supply plug m socket, as well as an ow/off swiich

element, according to one embodiment;

[0034] Fig. 31 15 a top view of a core biopsy device, showing mternal
components melding a transport helical element, drive gears for actuating beak elements as
well as a pulley and belt system and elements of a storage fube magazine with fenestration

elements, as well as a movable guiding element, according to one embodiment;

[8033] Fig. 32 15 a side view of a non-rotating or differentially rotating outer
tubular element of a core biopsy device, and a section such as an infernal helical
transport/delivery mechamsm, n relationsbip with {3) nop-rotating or differentially rotating

onter tabular element(s) of a biopsy device, according o one embodiment;

[0036] Fig. 33 15 an end on, perspeciive view of a non-rotating or differentially
rotating ounter tubnlar element of a core biopsy device, showmg an internal surface
configuration, and a section such as an mternal non-rotatng or differentially rotating inner
belical transport/delivery element m relationship fogether, of the presemt biopsy device,

accordmg to one embodiment;

[8037] Fig. 34 is an end on, perspective view of a nifled mfernal surface segment
of a non-rotating or differentially rotating outer tubular element with a view of an conyprixed
mternal non-rotating or differentially rotating inner transport/delivery helical element of a core

biopsy device, according fo one embodiment;
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[0038] Frg. 3% 18 an end on, perspective view of vet another mtemal surface
configuration of a non-rotating or differentially rotating outer tubnilar element with a view of an
comprised wternal non-rotating or differentially rofatmg muer transport/delivery hehcal element

of a core biopsy device, accordmng i one embodiment;

[8039] Fig. 35 15 a side view of a non-rofating or differentially rotating ouler
tubular element of a core biopsy device, and a saction such as a non-rotating or ditferentially
rotatmg mternal helical transport/delivery mechanism, w relationship with an addibional non-
rotating or differentially rotating internal helical transport’delivery element, according to one

embodiment:;

{6040 Fig. 37 shows two side views and a top view of a biopsy device, with an
mternal carnage that moves fo a distance, or could move within such boundary 180 holding

mternal components, according to one embodiment;

[0041] Fig. 38 is a side and top view of a biopsy device, with an internal,
movable, excwsion-madifving assembly (stage/carriage) 190 of components of the present
biopsy device, m this case carrymg additional components vacuum‘delivery assembly 140,

according io one embodiment;

[0042] Fig. 39 15 a sude view of a biopsy device, showmg a vacoum/delivery
assembly 140 of Fig. 31, a comnnecting fube and vabvular assembly, ax well ax an additional
conmecting tibe and m-line valve component, n addifion to a collection receptacle, according to

one etmbodimment;

[0043] Fig. 40 15 a side view of a biopsy device, showing a connected cartridge

containing pellets i itx barrel, according to one embodiment;

DETAILED DESCRIPTION

[0044] Reference will now be made in detail to the construction and operation of
preferred mplementations of the embodmments illustrated n the accompanving drawmgs. The
following description 1s only exemplary of the embodiments described and shown herem. The
embodiments, therefore, are not limited to these implementations, but may be realized by other

mplementations.

[0045] Core biopsy procedures have evolved from simple core needle biopsies
comprising aspwation of fhuds wsmg a smuple syringe and needle to devices having the
capability to extract solid tissues for histopathelogical analysts. This more recent capability has

proved fo be a far more powerful way to diagnose diseases and abnormal tissue enfities, some of
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which are extremely hfe threateming, and others which miav be more benign but nevertheless
must he defuutively distinpuished from the more dangerous types of abpormabifies, meluding
canceroas and pre-cancerons lesions, mn-sifu cancers, mvasive cancers, benign space ocoupymng
lesions, cystic lesions and others.  As core biopsy procedures have evolved mio far more
diagnostically powerful tools, they have displaced many of the more mvasive open surgical
procedures, which had been and continue to be performed for diagnostic purposes, based on the
advantages of refnieving a suffictent volume of tissue with the preserved archifecture that is so
critical 1 the diagnosis and treatment algorithm uwsed by clmicians in addressing these
abnormalities and diseases. Une of the most critical needs during a biopsy procedure ix to
accurately correlate tissue diagnosis with imaging diagnosis.  In order to successfully
accomplish this, 1t 1s essential to know that the refrieved tissue actually and accurately represents
the nnaged abnormality. Thix ix an aspect where many conventional cormg devices fall short.
For this reason, open swrgical diagnostic procedures and other mvastve procedures continuie fo
be performed. Other chinically significant Inmitations of these procedures melude the manner
which the abnormal tissue 18 separated from the host organ, the manner m which the tissue 18
retrieved and handled duning the process by the corng hiopsy device, and the amount of hiopsy
artifact/damage mmparted o the tissue specumens bv the conng procedure and device. Yet
another consideration m the design of mmproved conng devices s the exisience of an mportant
tradeoff among conventional coring biopsy devices. It ix well known that the larger the caliber
of the retrieved tissue samples, the better the comelation with the imaging abnormiality, and thus
the easter, more accurate, definitive and helpful the diagnosis. However, i order o retrieve
arger caliber specimens, most biopsy devices have large oufer diameters, leading fo increased
trauma, complications, pain and other adverse effects, due principally to the nuprecision
asxociated with such large bore devices. Addiionally, tracking a large bore device tlwough the
fissnes 1 awrich more difficulf, particularly withont the help of an active mechanism to aid
smoother and more gradual advancement of the biopsv device. The larger the caliber of the
biopsy device, the more difficult it becomes to precisely visnalize the biopsy device m relation
to the target abnormality, especially for small lesions {on the order of abont 12 cm fo less than 4
cm}. Today, more than 4-5 million diagnostic core biopsies are performed each year around the
world m the breast alone, with as many asx 2 nullion diagnostic breast biopsiex bemg performed
each vear 1 the US. There 1s little doubt that many mvasive, open surgical diagnostic biopsies
should be replaced by mnproved core biopsy procedures. Moreover, there 1s a need to munprove
upon existing core biopsy procedures and devices bv eluninating the well-known himitations of

current devices.
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[0046] Reference will nnow be made m detail fo the construchion and operation of
preferved inplementations tlustrated 1 the acconpanying drawmngs. Figs. 1 and 2 show a
biopsy device 1} according to embodiments having a fubular coring and {ransport assembly 11
of appropriate dimensions 1o retrieve a smgle or multiple core samples of tissue (not shown} that
isfare suffictent to provide the deswred clumcal diagnostic or therapeutic vesult. Sueh an
appropriate dimension may be, for example, about 4 and > mches ur length, in addition to a
forward excursion of the tubnlar coring and transport assenibly 11 durmg the corng phase. It s
to be understood, however, that the foregoing dimensions and any dimensions referred to herem
are exenplary in natiwe only. Those of skill in this art will recogmize that other dunensions
and/or configurations may be mmplemented, dependmg upon the envisaged application, and that
the tubular cormg assembly could be of any length, and may be configured to be bendable so as
to define a curve. One embodunent of the biopsy device 11, as shown i the fipures, may be
implemented m a hand-held configuration comprising an ergonomically comfortable and secure
handle 12 at its proxunal end from which the fubular cormg and transport assembly 11 extends
so that the biopsy device 1Q may be easily directed with one hand while the other hand 1s free to
bold a guidmg probe such as an ultrasound transducer (shown i Fig. 2). However, it ix to be
understood that embodiments may readily be configired to fit onto any number of guiding
devices such as a stereotactic imaging stage or other gnidance modality {not shown). As shown,
one embodinent of the biopsy device 10 may comprise a plurality of sharp, rofating cutting
elements 13 {(heremn, alternatively and collectively referred to as “beak™, “beak asxembly™ or
“heak element™ or “beak elements™) projecting forward distally from the distal free end of the
tabular coring and transport assembly 11 for the purpose of forward penefration, coring and/or
parting off of the core sanple. The tbular coring and transport assembly 11 may comprise a
pharality of components, which plurality of elements mav be configured to transnut rotational
moventent fo the rolating or non-rotating cutimg elements 13, It 1s to be understood that the
“tubular” description of the coring and transport assembly may be of any cross section shape and
size, of any leagth. The components of the tubular coring and transport assembly 11 {not all
components being visible 1 Figs. 1-2} also transfer the core sample back proximally along the
miemnal length of the tubular coring and fransport assembly 11 fo the handle 12 and storage
compartiment {not showny). According to one embodunent thereof, the biopsy device 10 may
comprise a handle or handle 12, which handle or handle 12 may comprise and/or be coupled to
mechanical components (not shown) needed to dnive the conng/transport/part-off/delivery distal
tubular coring and transport assembly 11, As shown, one embodiment may comprise a distally-
disposed beak 13 that may comprise one or more sharp cutting tip blades configured to penefrate

to the target site 15 of the mtended biopsy, core the target fissue and part-off or eut off the core
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sample (not shown) at s base. The handle 12 may also be coupled to and’or comprise the
mechatucal components negded to drive the transport mechanism within the distal tubular coring
and fransport assembly 11 and also within the handle and through to a storage magazme (not
shown) attached fo the proximal end of the handle 12, The ability of the present biopsy device
to repeatedly core and retrieve nwthple samples (not shown) during 8 sngle msertion, store the
cored samples in a magazine {pot shown} means that with a xngle penetration through the skan
of, for example, a lnunan breast 16, the operator can sample nmlfiple areas without causing
additional trauma that would be associated with having {o remove the biopsy device 10 each
tune a sample 18 taken, and reintroducing the biopsy device 10 back into the patient to take
addiional core samples.  The handle 12 may also contam and/or be coupled o (mtemal or
external} mechanical components (ot shown) for augmentation vacoum flnd evacuation as well
as the delivery of materials such as a varety of medications, fracer materials and/or mplantahle
marker elements {not shown bere). The distal or tubular cormmg and transport assembly 11,
accordig to one embodiment, may be configured such as to create the smallest possible caliber
{e.g., dimmeter} of cormng tube (tubular cormg and transport assembly 11} with a range of (for
example} about 16 gauge to about 1 gauge diameter, while providing a sufficiently large
diameter of core sample to be climically useful. The tubular coring and transport assembly 11
may also be of a sufficient length fo reach distant target sites such as, for example, about 4 and
s inchex {11 centuneters) from the skun surface without the need for a surgical procedwre to
enable the distal end {that end thereof that s fuwrthest from the handle 12) of the biopsy device 10
to reach the targeted sife. As shown in the embodmments of Figs. 1 and 2, the distal tubular
cormg and fransport assemibly 11 of the biopsy device 10 may extend distally from the handle 12
a distance sufficient {0 create a core {not shown} of usable length for diagnosis andfor treatment
purposes. As s described below, this distance of forward or distal projection can be selectively
changed at will, thanks to structure configured for that purpose, which may be bult mto or
otherwise coupled to the present biopsy device 10. Embodments of the present biopsy device
10 may be used bv right andior left handed personx and m nwiltiple positions {including upside
down for example} and onentations (different angles), so that m areas of linled access, the
present bropsy device may shll be easily positioned for ideal orientation to perform a biopsy
procedure under real tume or other image guidance (not shown). The entire device mayv be
configured to be disposable or may be confipured to be reusable m whole or i part
Embodunents of the present biopsy device 10 may be elecineally powered by one or more
battertes {not shown) stored, for example, 1 the handle 12 andfor external power sources {not
shown} through a simple electrical coupling {not shown} to connect to an external power supply

conventently placed, for example, in the handle or proximal end of the present biopsy device.
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The biopsy device 10 may alternatively m whole or m part, be powered by mechanical energy
{provided, for exanple, by compressed air motors, by watch-type springs, or manually by the
operator). In Figs. 1-2, the biopsy device 10 1 shown m a cortng configuraiion with the distal
end thereof open for conng, and m a configuration m which #f may be partially projecting
forward from the proxunal handle 12, from its resting posiiion with a portion of the twbnlar
coring and transport assembly 11 extending slightly distally along the first part of its forward
excursion. In this view, the biopsy device 10 s shown with a combination swilch 14 to activate

and/or physically move various mternal components {not shown).

80477 Fig. 2 15 a perspective view of the core biopsy device accordmg to one
embodiment, with the distal tip (comprising the beak assembly) of the biopsv device in posiion
mside an organ such as a breast, a farget lesion, an nltrasonnd probe on the surface of a breast,
and rotating cuthng and coring beak assembly in an open position, according to embodiments.
Fig. 2 shows the coring biopsy device 10 pomting at a target leston 15 within breast tissue 16, as
visuahized under an vlrasonnd gmding probe, shown at reference mumneral 17. The present
biopsy device’s fubular coring and fransport assembly 11 is shown pictonially as if moving m an
axially forward durection with its distally placed, sharp cutting tip blades of the beak 13 open

andd rotating for coriag,

[0048] According to one embodiment, a method of canrving out a biopsy
procedwre may comprise mtagiig the tissue of the organ {such as the breast) of mterest and
identifying the target lesion{s}. The skin nwy then be cleaned using stenile technigues, the
patient may be draped and anesthetics may be delivered. The distal tip of the present biopsy
device may then be miroduced through a skin mick. For example, a penetration mode may be
activated, in which the distal beak may be caused to assume a closed beak configuration. The
distal beak 13 mav be cansed to rotate to facilitate penpetration through the tissue. The distal
beak 13 may then be advanced toward the target lesion and may then be caused to stop just short
{e.g.. 2 — 4 mm) of the nearest edge of the target lesion. A stage may then be mitiated m which
the distal beak 13 pay be caused to assume an (e.g., fally) open configuration and then stopped.
An optional delivery stage miay then be inmtiated, to dehiver, for exanyple, the contents of a
preloaded carfridge such as tracer elements hke visible dves, echo-enhancing matensals andior
radioactive tracer elements or others such as medications (which may be delivered at any stage
of the hiopsy procedhwe). After or mistead of optional injection stage, a coring stage mayv be
mitiated while holding the biopsy device handle steady and/or actively redirectmg the distal
beak as desired. The coring may then continme, m either an automatic or semiautomatic mode.

During the cormng stage, the carrtage movement function mayv be engaged fo either elongate or
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sherten the axual excursion of the cormg elements as desired to achieve accepiable or desied
fissue margin collection at both ends of sample, or to avend wwwantded coring ndo adjacent
fissues, or simply to obtam differing core sample lengths for later correlation with vanons stages
of the documented procedwe. During one or more of the cormgs, a record stage may be
activated to halt the coring stage st after the spectmen has been parted-off i order to enable
the practiioner to record image(s} of the shaft of the biopsy device m place m the lesion, to
document that core samples (particularly those of didferent chosen lengths obtamed senally
during the procedure} were acquired precisely from imaged lesions. Lipon completion of the
biapsy procedure and, if desired, prior to removal of the device, a specimen ultrasound or a
radiograph may be carried out npon the specimens collected within the storage magazine, which
may be especially configured for echo and radio hucency as well as MRI-compatbility, The
remwvable magazine may then be placed mto a receptacle preloaded with preservative and
sealed, and if desired, a replacement magazine mayv be loaded mto the device fo continue the
biopsy. Following the acquisition of a suthicient number of core samples and followmg the
docnmentation stage, the core sample acquisition site may be firmly correlated with the image
abnormality location. If so attached, the lupnd aspivate storage vessel may then be removed and
capped securely for transport to an appropriate laboratory for cellular and subcellular analysis.
Alternatively, still with the biopsy device 1n place, the tissue storage magazine may be removed,
which mav be replaced with an injection cartridge that nwy bhe pre-loaded with post-biopsy
elements such as medications, cosmetic nnplants, brachytherapy elements, and the like. The
present biopsy device may then be removed from the sife and the wound may then be dressed,
with the usual standard of care procedures. It 15 fo be understood that the above description 1s
but one exemplary methodology and that one or more of the steps desertbed above may be
onufted, while other steps may be added thereto. The order of some of the steps may be

changed, according to the procedure.

[0049] Fig. 3 shows a side mternal view of a coring biopsy device 10, according
to one embodiment. Ax shown, two mternal components of the present biopsy device’s tubular
cortng and transport assembly 11 are shown; namely, a non- or differentially rotating outer
tabular element 25 of the transporting mechamsm and a more nernally placed {also non-or
ditferentially rotating) helical component 26 extending from the sharp cutting tip blades of beak
13 proxunally back through the bandle 12 and ending in overlapping maenner mside or outside
up to the openmg of a storage magazme 27. Also shown are a battery power source 28 and an
electrical ditving motor assembly 22 mcluding gearing configured to rotate and axially displace

the components of the tubular coring and transport assembly 11, In the embodiment iHustrated
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m Fig 3, an activating switch 30 15 shown m position at the forward, topside portion of the
bandle 12, 1t bemng undersived that the placement and struchare thereot may be frealy selected.
An augmenting vacuum/delivery mechamisim may also be provided. as shown at reference
muneral 31, which may also be driven by the drnving motor assembly 29 dwring cormg and
teansport of the core tissue specimens {not shown). Also shown i Fig. 3 is a power coupling or

jack 32, configured for conmection to an external power source {(not shown},

[0056] Fig. 4 shows a close up perspechive view of sharp cuotting tip blades
emerging from the distal end of the twbular conng and transport assembly 11, which may be
advaptageously configwred, according to one embodunent, to have a beak-like shape. The
forward and side edges 40 and 41 of the blades may be sbarpened such that they are able to cut
fissues while the beak assembly rotates, while mowving distally 1 an axial direction with respect
to handle 12, and/or while opening away from and then, in sequence, closing down against one
apother to part-off or sever the core sample {not shown}. The cuting tips/blades of beak
assembly 13 may be opened as far apait as desmed. However, for dlusirative purposes, they are
shown mn Fig. 4 as being opened 1o a posthion that may be characterized as being roughly parallel
ta the rest of the wbular cormg and ransport assembly 11 {not shown in Fig. 4). The shape of
these cufting tip blades of beak assembly 13 mav be advantageously selected such that when
closed, they completely occlude along thewr forward 40 and side 41 edges. However, the cutting
fip blades of beak assembly 13 need not completely contact one another along the entire edges
order to effectively core and sever or part-off the base attaclunent end of the core sample {not
shown}, as, for illustration purposes only, if the beaks are rotating or moving axially while
closmg. The shape of the sharp cutimg elements of beak assembly 13 may be formed, for
example, by straight angle cufting of a tube such as stamless steel hypo-tube, sunilar to the way
a hypodermic needle is made, but with a sipnificant differentiator; namely, that the cutting of the
elements of beak assembly 13 may be advantageously camried out such that the first angle or
bevel cut 1s siopped at the halfway pomnt along the cui, once the nudway pomt across the fube
diameter 15 reached. Then, beginning from the opposite sidewall of the tube, another identical
cut 1 made at the same angle and beguuung m the same plane and starting pomnt. This cut ends
where 1t would meet the mitial cut {if vsing the same raw stock tube for example). In this
manser, the edges of the cutting tip elements would perfectly occlude and close off completely
with one another all along the forward 40 and side 41 cutting surfaces, whale 1 the closed, part-
offfsevermyg position {not shown). According to an embodunent, a method for shaping the sharp
cutiing elements of beak assembly 13 may comprise an additional angle or bevel cut away from

the sharp tip end of the cutting element. This cut begins more near the sharp tip end than
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straight across the diameter of the raw stock tube or hypo-tube stock. The purpose of beginning
this cut “downstrean” towards the tip 15 so that m closed position, the distance chosen permits
the closed elements of beak assembly 13 to close down without thew bases extending outward
bevond the diameter of the tube from whence they were taken—which may be asbout the same
diameter of other components of biopsy device 10, such as the outer non- or differentially
rotating outer tubular element 25, Tt may also be advamtageous to cut the cutting tip elements
from a tube of shghtly larger diameter than the other components of the present biopsy device o
achieve shapes that would still comprise all of the functionality of the design, but also comprise
a featwre such as a “springmesy” to sunplify the binge mechanisms in nested form, sunplify
construction, allow additional tip base configurations, or allow steeper angles for the cuthng tip
m closed configuration or to allow the beaks to open to such a degree that the cuttmg radms of
the beak tips exceeds the outer diameter of the outer mndar clement 25, Such mberent
springiness would alzo unprove the stiffaess of the cutting tips in a radial dimension, which nay
facilifate easter penetration of dense tissues. The base cut may, however, comprise a flap {and
thus reqqure a shghtly more complex cut fo create a shghtly more detailed shape to comprise a
contignous section that may be formed into a binge as described (not shown} above that may
later be made mto a hinge {such as i shown below, with respect to hinge assembly 50 m Fig.
243

[8051] The shape of the sharp cuthing elements beak assembly 13, such as the
embaodiment thereof shown in Fig. 4, for example, provides substantial support vectors for all
movements required of the cutting blades during rotation, opening/closing and axial motions
{not shown}. This embodiment enables the sharp cutiing elements of beak agsembly 13 to be
made extremely thin, which fulfills a requirement that for any given cuter radial dumension of
the wbular cormg and transport assembly {including the cutting beak assembly) 11 (xee alsa Fig,
1}, the cahber of the core sample retrieved from the patient will be a large as possible. In
addition, were the sharp cutting elements of beak assembly 13 instead formed of a vone-like
shape, they would sot, when wide open and roughly parallel to the long axus of twbular coring
and transport assembly 11, core a full diameter sample, since the conical taper progressing
towards the tip would be of ever dinunishmg radims compared with the tubular conng and
transport assemnbly 11, which is prepared to recerve the core sample. The shape(s) of the sharp
cutting elements of beak assemibly 13 specified for use n coring and part-off accordimg to
embodiments enable the biopsy device 10 to core a full diameter {and m fact larger than full
ciameter with respect to the dimensions of the cormg and transport assembly 11, of which

slightly larger caliber {e.g., diameter) mav be desirable in order to conpress, “stuff”, or pack in



WO 2013/056190 PCT/US2012/060149
13

as piuch tissue sample mio the bular eoring and transport assenibly 11 as possible), which may

prove advamageous fom several stapdpomts {including diagnostic, chnical standpoumis) or

provide moye sample {not shown) for analvsis.

00352} Fig. 5 shows a top view of the sharp cutling elements of beak assembly
13, accordmng fo one embodiment. In this view, a hinge assembly 50 (which may have been
tormed continsous with the rest of the piece, using, during construction, a shightly more complex
cut from the raw tube stock as described above) 15 shown at the proximal junction pomt of the
sharp cutimg elements of beak assembly 13 with the non- or differentially rotating outer tubular
element 25 of a tubular coring and transport assembly 11 (shown in Fig. 1), The hinge assembly
50 mav mteract with a rased rim section 51, or with other attachment method that permts
chitferential rotation of the outer tubular element 25, so that the beak assembly 13 may rotate
mdependently of the ouler tubular element 25 of the tubular cormg and fransport assembly 11, |
It 1s to be understood that thix hinge assembly may also be fixed to the outer tubular element 25,
and thus rofate the beak assembly contignously with the outer tubular element. This hunge
assembly 50 may have sharpened edges 52 so that they encounter nunimal resistance i the
tissue during rotational and other movements. This design featime may also serve to “core™ a
shghtly larger diameter within the fissue during “closed beak penetration™ mode, so that the
fubular coring and transport assembly 11 may move with less resistance within the fissue
environment on the way 1o the target lesion or fissue harvesting site. The constituent elements
of the binge assembly 50 may also be shightly angled so that, during rotation, they provide a
“serew” type effect, helping to pull the outer diameter of the shaft (tubular coring and transport
assembly 11} through the dense tissues that are often encountered m breast tissne 16 {shown m

Fig. 2} or other tissue found in the body, on approach to target lesion 13 {also showsn m Fig. 2).

[6053] Chuically and procedurally, the abiluty of a biopsy device to advaace
gently towards a target lesion provides several advantages. Indeed, when a biopsy device does
not advance gently toward a target lesion or does not smoothly core through dense target tissue,
the operator mav be led o exert excessive force onto the biopsy device, thereby potentially
foreing the biopsy device mito and even through adjacent structures. There have been instances
of biopsy device components bemg broken off, requrmg surgical removal thereof from the
biopsy site when excessive force was needed m attempts fo obtam core samples from fissues
such ax dense breast tissue 16 {the density characteristics of the breast tissue 16 not illustrated m
Fig. 2). The present method of powered, closed beak penetration mode m one embodiment
herem and provided for with a specific cyvcle stage m the biopsy device 10 of Fig. 1, enables an

operator to gently and smoothly approach a target leston such as shown at 15 m Fig. 2, without
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requiring excessive manual axially-directed force to be exerted on the present biopsy device by
the operator. Tt s to be voted that when excessive force must be exerted to advamcs
convenfional coring devices through dense tissue, the resultant mmage provided by gnidance
modalites (such as oltvasound} may be significantly distorted by the force applied to the
conventional cormg device and transferred to the swrounding tissue. This force mav damage
tissue, resultimg i loss of fissue arclutechwe and production of the aforementioned biopsy
arfifact, and may also cause the resultmit wnage to be less distmed or bhured which, m hun.
makes the biopsy procedure less accurate and munch more difficult fechmically. It 1s an smportant
goal of all core biopsy procedures to firmly establish that the core sample 15 taken from the
highly spectfic unage area, notwithstanding the constramnts nmposed by the small dimensions of
the target tissue. Such small dimensions, therefore, requie clear views of sharp marging to

attamn the kind of accuracy desired.

[8034] Keeping the foregmng in muind, embodunents provide the operator with
methods and mechanisms fo gently approach and core a farget lesion with nunumal physical,
manual force, thus freeing the operator fo focus on the (ofien minute) stinctures to be sanpled.
In core biopsy procedures, it 15 hughly nseful to capture a small amount of normal swrounding
tissue still attached to the abnormial tissue, at the pinction theve between, and on both ends of the
core sample. The present devices and methods provide an opporfunity to accurately measure the
size of an abnormality optically, for example, under microscopic analysis. The embodiment of
the core biopsy deviee may be condfigwred to gently approach the target lesion 15 in a closed
beak configwation {1.e., a configiration substantially as shown m Fig. 5}, stopping just short of
target leston 15, then proceedmg to an open beak configuration {1.e., a configuration
substantially as shown m Fig. 4), conng a small bif of normal adjacent tissue, continuing
through leston 15 fo the distal side thergof and coring a small amount of normal tissue on the
other side of the lesion 15 as well, still controllably within stwrounding host tissue such as breast
tissue 16, Though not dinstrated here, the hinge assembly{ies) 30 may also teract with a flared
ocutward/flared mward circumferential inner swrface of the onter tubular element 25 for the
purpose of providing a hinge assembly for the rotating, cutting, sharp cutting elements of beak
assembly 13, As shown, the rotating, cuthing, pari-oft beak assembly 13 may have additional
shapes such as a more pomted end ax shown (arrow at reference numeral 53} at the forward tip,
andl/or may have serrations along one or more edges to facilitate cufting, part-off, opening and/or
closing. The rotating, cutting, part-off beak assembly 13 may also have a more tapered (steeper
or shallower angles) shape as required by the confmes of and resistance of the materials m which

they are designed to operate. Such different shapex (mcluding asymmetric shapes} and
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shatpened tps {such as pomt{s) 53} are considered io be within the scope of the present
embodiments. Embodiments, inchuding the beak axsembly 13, niay be cordignred to enable the
coring of full diameter samples and the parting-off of the cored [l diameter sanple.
Embodoments may be further configured for closed andfor open beak penetration through fissue
and for transporting the core sample (slightly larger diameter cores, tapered ends for streambined
passage of cores, ete.,} among other functions. Embodunents mav also be configured for open
beak cormg fo a farget fissue, enabling a gentle “core 1o the lesion™ operafion where a chmcian
desires to have a clear reusable track to a target tissme for futwre treatment options.
Embodiments also comprise structure and Rmctionality configured to enable the ejection and
deposition of therapeutic andfor diagnostic elements andfor substances in the open beak

confignration for precise deposttion thereof within the area of a biopsy site.

[8053] Fig. 6 shows the conmg, sharp cuttmg elements of beak assembly 13
engaging a core sample 60. This figure also mav represent the cormg, sharp cufiing elements of
beak assembly 13 m the open position, delivering an m-situ markimg element, by ejecting the
marking element 60 via the coring and transport assembly 11 of the present biopsy device 10,
Alterpatively still, the element 60 may represent some other therapeutically-active element, such
as a radio-active seed for hrachvtherapy, or a porous element loaded with a biologically active

suthstance.

[8036] Figs. 7-12 show a beak of the core biopsy device of Fig. 1 m vanons
sequential stages ranging from closed to midwav open to fullv open coring and/or delivery
positions, ax well as next stages progressing from fully open to pudway closed to fully closed
part-off and’or closed penetration positions, according to embodiments. Indeed, Figs. 7-12
illustrate various phases of opemstion and functiomality of componenis of the cormg hiopsy
device of Fig. 1, according to embodiments. Speeifically, Fig. 7 illustraies a side view of the
phase of rotation and forward or distal axial movement of the fubular cormg and transpost
assemibly 11 and atiached cutting elements of besk assembly 13 1 a closed confignration, as
well as additional hinge assembly(ies) 70 connected to protruding slementis) 71 of an inner
tubular element 7 helical element 26 of the tubular coring and fransport assembly 11, Fig. 8isa
side view of partially opened, rotating and axually forward shifting, cniting elements of beak
assembly 13 as they open to forward/spiral-outward core a tissue specimien {not shown) andfor
to deliver materials (not shown) mto the tissue. Ilustrated in Fig. 8 are details of the unteractions
between the elements of the beak assembly 13, lunge assemblies 50, the non- or differentially
rofating outer tubular element 25 of the twbular cormg and transpori assembly 11 as well as

distally protruding elements 71 of an mner rotating tubular and/or helical delivery component 26
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of the tubular coring and transport assembly 11, which serve to open the beak assembly 13 due
to the changing plane of the hinge assemblies contacting the outer tubular element 25 wath
respect fo the pomts contacting the protruding elements 71 of the muer component 26 of the
fubular conng and transport assembly 11, Fig. 9 dlusirates a wadely open phase of the mwbular
coring and transport assentbly 11 and the cutting beaks 13, fiwther showing the changing planes
72 of the hinge assemhlies 70 and 30 s0 as Yo actuate the culting elements of beak assembly 13.
It should be noted that rotation and axial movement of the culting elements contimue fhroughout

these as well as the next illustrated phases, as shown in Figs. 10, 11 and 12.

{86571 Fig. 10, 11 and 12 show the phases of wide-open cormng/delivery (Fig
10}, followed m sequence by spiraling, closmg down movement of the beak assembly 13 during
rotation and axial movement of these elements, as well as components of the tubular coring and
fransport assembly 11, Fig. 12 shows the position that leads to a complete severning of the core
tissue specimien {nof shown) from its base connection pomt with the bost fissue, by the cutting,
part-off beak elements 13 of the tubular corng and transport assembly 11, according to one

ambodiment.

[0058] Figs. 13, 14 and 15 idlustrate vanious hinge assembly alternative details
for the mteraction between the cutting elements of beak assembly 13 and the other components
of the tubudar cormg and transport assembly 11, for the pmposes of actmating the cutiing
elements of beak assembly 13, accordmg to huther embodiments. Fig 13 shows an
embodiment in which the binge assembly or assemblies 30 are displaced mwardly dwing
forward pivoting and movement, with respect to the hinge assemblies 70, In thisx embodiment,
the rotating hehical transport element 26 may be used to move the hinge assemblies 50 winle an
additional rotating mner component (ot shown} placed mn radial position between the outer non-
or differentiallv rotating outer tubular element 25, mav be used to anchor the binge assemby{(ies)
70. Fig. 14 shows another embodiment m which the hinge assembly{ies) 50 of the cutting beak
assembly 13 are secured m plane by the ounfer, non- or differentially rotating outer tubular
element 25, wlile binge assemby{ies} 70 protrude distally to open then retract back proxumally
to close the cufiing elements of beak assembly 13, wlich awy be configured o rotate while
movimg outwardly, distal-axially to open, and which move mwardly to close down under
rotational, axial motion. Such movements may be etther directed distally and/or proxmally,
depending on the particular phase of the entire cvele of operation of the present biopsy device.
Advantageously, locating hinge assemmbhies 5 as shows in Fig. 14 enables the outer diameter of
the cutting elements of beak assembly 13 to be precisely confrollable and rehably located. Such

hinge assemblies 50 enable the cutting elements of beak assembly 13 to not exceed {any nwre
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than 1s desirable), the outer diameter of the more proximal cormg/iransport outer ubular element
23, Yet, the cutting elements of beak assenbly 13 may be configured to enable them to lunge
sufficiently mward to occlnde and part-off'sever the core sample at the end of each coning cycle.
Fig. 14 also shows an embodiment that comprises an nmer hebical transport cormyg element 26 of
a fubular corng and transport assembly 11 witlun the onter non- or differentially rotating outer
tubular element 25 of the tubular conng and trapsport axsembly 11, This belical element 26 may
be conhignred to ternunate m a collar section 80 wloch may attach to (a) profruding element(s)
71 that serve{s) as anchoring hinge assembhes 70 for rotating, cutting beak assemibly 13 of the
biapsy device of Fig. 1. The differential movement of the planes of lunge assemblies 70 with
respect to lunge assemblies 50 results m openmg and closing of cutting beak assembly 13,
correct precise himing such that the functions called for in each stage of the cormgbiopsy cyele

ave fulfilled.

[8039] Fig. 15 shows details such as examples of flarmg, tapering surfaces 81 of
an outer non- or differentially rotating ounfer tubular element 25 of the tubular cormg and
transport assemibly 11, which may serve as a locating rim 81 with which to actnate hinge
assembly(ies) 30 of the cutting beak assembly 13, as omter tubular element 25 and hinge

assembly 50 move together axially relative to lunge assembly{ies) 70.

[B060] Fig. 16 shows one embodiment including one cutting beak element 13 m a
closed position, while an addifional cutting beak element 13a is shown i wide-open position to
iltustrate the relative positions of the hinge assemblies 50 and 70. In this representation, further
details of lunge assembly{ies) 70 are shown, with axial and radial positions constramed
sufficiently by a slot element 90 or some other configuration such as a frough configuration,
withm an mner forward collar section 80 of a helical cormg/transport element 26 of the fubular
cormg and transport assembly 11, These elements together act to rotate the beak assembly 13
and also fo move the lunge assemblies 70 m an axial divection distally and proxanally relative to
hmge assemblyv{ies) 50 to actuate openmg and closing of the cuiting beak assembly 13 m the

various phases itlustrated previously.

[p061] Figs. 17, 18 and 19 show a configiwation with a forward cutting edge of
an addifional ontting, tubnlar component 101 of an mmer cormg/transport helical tubular
transport assembly 102, according to still further embodiments. In this case, the cutting beak
assembly 13 actions mav be supported and augmented by this additional cuthing transport
assembly 102. In this configuration, the cutting beaks 13 may be supported more firmly at thewr
chstal pomts and may be aided m conng by an additional forward-edge-sharpened surface 103

{distal edge}, rotating and distally- moving component 101, In this illustration, a bearing swface
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rim 104 may be provided to protect the side edges of the rotating, cuthng beak assembly 13,

f8062] Figs. 28, 21 and 22 show i varloun perspective views, ap alternate
configuration with a single, hinged, rotating, cutting beak elemtent 13, with an opposite fixed
{non-lunged), rotating, cutting beak element 13b, accordmg to still another embodiment. Fig
23a and 23b are side views of the single hinged rotating cutting beak 13a and the fixed hinge
rotating cutting beak 13b shown @ Figs. 20-22. According fo one embodiment, the hinged
cuiting beak 13a is shown fitted with a shde locator hinge tab 105 at hinge assembly 106
{simtlar mn location to hinge assembly 50 Fig. 14). The purpose of this shde locator hinge tab
105 i3 to rotate msiude core/transport outer tubular element 235 along with mner helical
coredtransporting component 26, yet enable axial movernent so as to close cufting beak element
13b mwards towards cutiing beak 13a for the purposes of closed beak penetration, and parling
off or severing a core sample at its base attachment pomt at the end of the cormg siage. As
shown, the axially actnating shide locator binge tab 105 causes actuator rod 130 to mteract with
shide nidge/rim 107, which may be connected to shde locator himge fab 105, As actaating rod
130 moves distally and proximally i an axial direction, ifs foree may be fransnutted via clevis
108, through slot i outer wbular element 25, fo the ndge/rim 107 which, m trn, moves slide
tocator hinge tab 1035 a corvesponding distance and dwection. This action moves rotating beak
13b abowt its other hinge pivots 109 on non-hinged rotating beak 13a, to oppose {close down
ppon) rotating beak 13a along its sides and front cutting edges for the purposes of closing the
end of coring and transport assembly 11 for penetration and/or parting off of a core sample at its
base connection with host tissue. Also, beak tips 53 may be configured to work together
cutting action by resting i closed position adjacent to each other {scissors action when rofating),
to meet at thewr tips only, or to assume an “overbite”, “underbite” or other configuration to
asxure postiive part off of the fixsue specimen to be collected for transport, regardless of whether

other adjacent beak edges completely touch along thew enfire border or not.

[0063] Referrmg now 1o the mechamsms of actuation of the rotating, cutimg
beaks, Fig. 24 shows a driving motor/clatch assembly 29, a set of gear and crank/connecting rod
asseinblies 110, 111, as well as thewr relationships with outer tubnlar element 235 and transport
elements 26 (hehx} and 27 {magazine) of tubular corng and transport assembly 11, according to
one embodmment. These assemblies may be configured to sequentially and continuously actuate
the outer fubular element 25 and transport element 26 m rotation and axial movements. As
shown m Fig. 24, a large gear and comnecting rod assembly 110 and 111 related to and acting on
an mner non- or differentially rotating helical tubular component 26 via a shdefring/andfor gear

component 116 mav be provided, as well as a sinular assembly 110 and 111 related to and
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acting on & non- or differentially rotating outer tubular element 25 via a sunilar shdefring or gear
asseutbly 117, In one embodiment, the gear and connecting rod crandc-type assemblies 110 and
111 may be configured fo move the ouler tubular element 25 and ifransport element 26,
fhemselves components of the tubular cormmg and transport assembly 11, relative fo one another
such that, in turn, the cuter tubular elenents 25 and transport element 26 individually act on the
cutiing beak assembly 13, Fig. 1. along the long axis of the biopsy device 10, to cause the
cufting beak assembly 13 {o open and close while rolating so that they may be able to open
widely within the tissue for coring and then at the end of the cormg cvele close back down
agamst one apother to sever the base attachment of the core xapple. For itHustration purposes,
15 useful to refer once again to the mdrvidual components as shown m Fig. 14, mehading fubular
non- or differentially rotatmg owler tubular element 23, mner helical non- or differentially
rofating coring/fransport element 26 as well as cutting beak assembly 13, As ix fiuther shown n
Fig. 24, the driiving motor/clutch assembly 29 mav be coupled, via gearmg assemblies 112, to
one or both of the outer tubular elements 25 and fransport element 26, such as by a worm gear
and bevel gear set as shown or by some other functionally equivalent assembly or assemblies,
thus aclieving nwfched or differential  speeds  of both  rofation and  beak
penetration/opening/closing, as deswed. The pwpose of such a mechamism as shown m thix
embodiment of Fig. 24, and also referring to the elements 25, 26 and 13 m Fig. 14, may be to
rotate one or both of the outer tubular elements 25 and transport element 26, n either the same
of opposite divections, which then alse rotate the cutting beak assembly 13 duwring the various
phases of coring, part-offisever the core sample {not shown) and transport the same back
proxunally through the handle 12, via the tubular coring and fransport assembly 11, outer
tubular element 25 and transport element 26 and'or magazine element 27 af the jmction 119 of
elements 26 and 27 of the biopsy device 10 and mto a storage magazine 27 such as shown m Fig
3. The worm gear element of gear assembly 112 may be divided info two sections with different
pitch {not shown), for mstance a pitch associated with shide/ring component 116 {116a) and a
relatively differvent pitch for slide/ting/or gear component 117, itself gear pitch matched to its
corresponding section 117a of the worm gear. Such an arrangement would provide one means
of differentially rotating outer element 25 relative fo the rotational speed of mner element 26. A
further itlustration shown i Fig. 24 refers to a vacuumfdelivery mechamism {also designated
element 140, Fig. 30 described below), which may comprise a syringe fype compenent 113 and
associafed crank/connecting rod attachments 114 to one or more gears or other mechanisms {not
shown} to drive a plunger assembly 115 back and forth to create positive pressure andfor
vacuum, which may aid m coring and transport. The vacuumy/delrverv component 113 may be

coupled wia, for example, tube and valve assemblies (not shown} to a storage magazine 27 such
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as shown m Fig. 2 for the purposes of sugmenting core specunen movement mito a siorage
magazine 27, such as shown i Fig. 2. Additionally, a vacuum/delivery component nay also be
used to dehver components {noi shown} to the biopsy site wia the fubular conng and transport
assemmbly 11, A vacuum'delivery component may also be used to draw fluids and loose fissue
cells from the target site (lesion or other site) for collection and later cytologic analvsis, such as

shown in Figure 39, as discussed below,

[0064] Lastly m Fig. 24, a rack-and-pinion assembly may be provided, as shown
al reference mumeral 118 m Fig. 24 This rack-and-pinton mechanism may be configured to
move, as a umt, a carriage or sub-stage structure {not shown here) back and forth (distally andior
proximally’ within and relative to handle 12. This interpal {to bandle 12 of Fig. 1) sub-stmcture
may contain as a unit, the assembly of components meluding detving motor assembly 29, as well
as gearmg assemblies 112, tubnlar elements 25 and transport element 26 of the mwbnlar cormg
and traasport assenibly 11 as well as the aftached cntting beak assembly 13, and m one
embodiment, vacu/delivery components 113 and 114 and tissue specimen storage magazine
element{s} 27. An effect of such movement would be {o shorten or lengthen, such as distances
116a, 117a {not proportional fo actual} the axial excursion of the coring components of hiopsy
device 10, during the cormg/part-off phases. thus shortenmg or lengthening the core sample
obtamed, which m tum may lead {o higher comrelation of sequential samples taken with the
video nnagmg of the procedure as well as the written record of sequential samples taken from
the site. This mechanism may itzelf also be used as a simple, repetitive penetration mode
finetion of this device, where the operator desires to penetrate the tissae in etther closed or open
beak configuration, with or without rotation, and mn short stages. Such nse would allow for slow
or deliberate, precisely staged tissue penetration to a target tissue site, for mstance when the
device 15 ngdly locked to a stereotactic table. This mechanism may be powered by any means,
meludmyg but not hnnted to, user controlled electrical power, mechanical, or manual {operator
power such as a fingerthumb shde lever). If powered electnically, provision for selectable
excursion mav be provided {mechanism not shown). Alse shown i Fig. 24 18 the telescoping
relationships at 119 between internal helical corng/transport element 26 and outer tubular
element 25, as well as with a section of a storage magarine 27{distal section of storage magarine
27 shdd over element 26 and eatermp element 25 represented by area 120). This arrangement
may be configiwed to provide a vacuwmn-tight connection all along area 120 so that vacuum
andfor delivery may be accomplished by vacuum/delivery components such as components 113

and 114

[8065] Figs. 25, 26 and 27 illustrate stages of continuous movement of the
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present biopsy device 10, through stages of a corng biopsy sequence or cormag phase of an
entire biopsy procedure, according to fiuther embodiments. These continuous movenients nwy,
however, be mfermpted by an operator such that biopsy device 18 pauses m one stage or another
as desired by the operator. Reasons for mierruption may comprise prolonging a closed-beak
configuration for purposes of penetration through difficult tissue, such as may oocwr i more
fibrous breast tissue 16 andior target lesion 15 of Fig. 2, or in order fo pursue contimung to
collect the sample but at a different angle, or fo collect a longer specimen than ongmally
envisioned at the start of the cycle. Gears and connecting rods such as 110 and 111 of Fig. 2:

mayv be configured fo act sequentially and in contimzous and/or mterrupted fashion, upon
cormg/transport fube elements 25 and transport element 26 {as illustrated m Fig. 16} mdividually
such that axial movements of components such as 25 and transport element 26 of Fig. 16 will
move cutting beak assemblv 13 to open and close at the nght moments to accomplish the

various coring/part-off and other stages.

[0066] Fig. 25 shows one such stage {stage 1), appropmiate for closed beak
penetration through the tissue of an organ such as breast tissue 16 on the approach fo a target
tesion 15, as shown m Fig. 2. Fig. 25, for illustvation purposes, sphits the gears and connecting

fx

rods such as 110 and 111 of Fig 24 mto mdividual components, labeled ax 121 and 122 for
gears 110 of Fig. 24 and connecting rods 120 and 123 for connecting vods 111 of Fig. 24 As
further itlustrated m Fig. 25, connecting rod 120 may be driven by gear 121, Connecting rod
120 may be coupled, such as by a shide/ting/gear assembly 117 Fig. 24, to tubular element 25 of
Fig. 24, FElement 122 may be a gear or disc, for exanple. In either case, gear 122 nwy be
similar fo and may be coupled fo gear 121, such as by a smgle axle {not shown} coupled o both
gear 121 and gear 122, Gear 122 may have a comnecting rod 123 coupled thereto, which may
also be sumtlar to connecting rod 120, However, connecting rod 123 may be coupled by a shide
ring mechanism 115 to mmer helical tubular element 26 of Fig. 24, For puiposes of dlustration
of one embodiment of this device, etther connecting rod 120 or 123 of Figure 25 may be futher
connectaed fo rod 130 of Figs 23a, 23b or 28, as suggested by the extension of a connecting rod
from gear element 110 (not labeled} to actuator rod 114 in Figure 24, which actuates the vacumm
assembly plunger 115, with an extension distally (not labeled) along the outer element 25 of

Figure 24 to eventually become rod 130 of Figure 28 1 one embodiment of this device.

[6067] As noted, gears 121 and 122 may be sohdly conpled together{as though
superposed one over the other}. However, the radml positions along gears 121 and 122
respectively, of connecting rods 120 and 123 may be purposely located differently such that a

lead-lag relationship results between the positions of connecting rods 120 and 123 as gears 121
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and 122 rofate m solid connection with one another. Fig. 25 shows the relationship between
connecting rods 120 and 123 that results i closed beak assermbly 13 configuration as a result of
the attachmients of conpecting rods 120 and 121 respectively with fubular elements 25 and
fransport element 26 of Fig. 24, wlich may be coupled fo cutling besk assembly 13 such as
shown m Fig. 3. In tlus stage, connecting red 120 associated with gear 121, lagging belynd
connecting rod 123 around gear 122 {axsuming counter-clockwise rotation of both gears for
ilustration purposes), may be placed more distally with respect to handle 12 and with respect io
connecting rod 123. This relationship results in cotting beak assembly 13 assuming a closed
position. The stage shown o Fig. 25 would be useful for parting off or seversng of the core
sample at its base and would also be a useful stage, if mntermupted, for closed beak assembly 13
rotation of tubular coring and transport assembly 11 and penetration by biopsy device 10

through breast tissue 16 on the approach to a target lesion 15, as shown in Fig. 2.

[8068] Fig. 26 shows a stage (stage 2) that 15 aext m seguence relative to the
stage shown in Fig. 25 This stage begins as connecting rod 123, moving around gear 122,
posttions iself more distally with respect to comecting rod 120, This relationship results i the
cutting beak assembly 13 opening to a wide-open configuration, which mav be advantageous for
coring and/or deliverv of, for example, markers or therapeutic agents to the site. It should be
noted that both connecting rods 120 and 123 advance distally during this stage. However, since
connecting rod 120 lags behind connecting rod 123, connecting rod 120 is more proximally

placed than connecting rod 123 thyoughout this stage.

[0069] Fig. 27 shows the next stage in sequence {stage 3}, where, as connecting
rod 120 reaches its most distal position, connectmg rod 123 has already moved back proximally
on its jowrney towards its position i stage 1. The result of the more proximal position of
connecting rod 123 with respect to commecting rod 120 results in cutting beak assembly 13
closing and remaning closed until connectmg rods 120 and 123 change thew relative positions
with one another as theyv approach stage 1 once agam (shown m Fig. 25} It 15 nanderstood that
the shapes of dises, which mav act on connecting rods 120 and 123, attached to gears 121 and
122 {gears mav be round, however, dixes attaching to the connecting rods 120 and 123 mav be
of other shapes), be other than cireular, such as elliptically shaped (not shown), so as to vary the

tune spent mn the varions stages and relationships between comnecting rods 120 and 123,

{6676 Fig. 28 shows a side view comprising an additional rod element(s) 130
designed o act upon the same hinge assembly area(s) 70 (Fig. 7), as acted upon by the inner
helical conng/transport element 26 of Fig. 24, accordmg to one embodinent. The rod element

130 may be configured to strengthen (angment) or replace the axial action upon the cutting beak
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assembly 13 of the mner helical cormngftransport element 26 of Fig. 24 or rod 120 of Fig. 25,
since the precision available from a solid rod such as element 130 may be miore robust and exact
comparad with that available with a helical compenent such as component 26 of Fig. 24
Accordmng to such an embodimient, rod element 130 may be actuated 1 a manner and through a
mechamsnt that may be siaular to that shows acting on uuwer helical conmng/transport element 26
of Fig. 24, for the purposes of moving the hinge assembly(iesy 70 of Fig. 7, of cutting beak
assembly 13 of the present Fig. 28, Fig. 28 also shows by dotied Lines a most proxumal posihion
of a proxumal portion 131 of cutting beak assembly 13 m closed position. Rod element{s} 130
mav confrol cutting heak assembly axial motions via a sinular shide/ring arrangement {pot shown
m Fig. 28} as shown mside the handle such as slidening elements 116 and 117, Fig. 24, Fig. 29
15 a perspective view showmg the same elements, meluding rod element 130, as shown s Fig.
28,  Also, 1 15 1o be understood that if these control rods are outside the inmer helical element,
but mside the outer tubular element, that the action of rotating the helical element with tissue
shidmg along the rods, which rotate with the outer tubular element at a different speed or
direction, may assist i transport of the tissue specimen obtained. It is also possible, if the outer
tmbular element 1s of a different cross sectional shape than a cucle, and for mstance iv a square,
that the control rods could nest m the inner comers along the length of the outer tubular element.
Fig. 30 15 a side view of biopsy device 10, according to one embodunent. Attention i1s directed
to vacuum augmentation asseinbly 140 m parallel with cormpfransport components 11 of Fig. 1
and Fig. 2 to illustrate that sinmiltaneous movement of the vacuuw/delivery assembly 140 with
those of components 11 may result i augmentation of cormg and fransportation of biopsy

specumens {not shown) mto and within storage magazine 27.

[6671] Fig. 31 1s a top view, according to embodiments, of the biopsy device 10
of Fig. 30 showmg a belt pullev mechanism 141 for ditving vacunmy'delivery assembly 140 such
that continnous cveling of vacoam/transport components is possible during actnvation of these
components.  Fig. 31 also shows additional struchures of connection{s} 142 between
vacuunydelivery assembly 144 and a storage magazine 27, Storage nwgazine 27 may have an
mternal helical transport component (pot shown} sinular to and extending from the component
26 of Fig. 24 of the tubular cormg and transport assembly 11 of Fig. 2. Storage magazine 27
may also have fenestrations or openings 143 along its length, each of optionally varying and/or
progresstvely varving dimensions for the purposes of evenly andfor progressively distributing
vacunm andfor posifive pressure for material handling of tissue specimens {not shown), such as
for sequentmlly collecting andior emptying tissue samples {not shown), andfor for

delivery/deposit 1nside organs such as breast tissue 16 of certamn materials (not shown) such as
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marker mnplants: fracer elements; medicabions for pre-treatiments, mtva-procedure ireatments
andor post-treatments; and the ke, Fig. 31 also shows a partial segment of an optional guiding
element 144, such as a movable or fixed gmiding wire or needle, wiuch may temporanly cecupy
a longiudinal hunen {such as along the mside of the helical cormg/fransport element 26} m
device 10, or mav be placed adjacent to the central core of biopsy device 10 such as o a barrel
and/or boop or series of loops positioned along a line parallel fo the central core of biopsy device
10 (this posthion not shown). The guiding element 144 may comprise, for example, a laser hight
directed along the path of the tubular cormg and transport assembly 11 of the biopsy device 10
or other visual guiding aud, rather than {or in addition o} a solid material such as a needle or
wire. If the tubular corng and fransport element is configured to be bendable, it could follow
over such a needle or wire that may be ngidly curved, for example, and prepositioned to follow
a prescribed path fo the target tissne. Element 144 may also be a sinyple hollow tube (rather than
a peedle with a sharp tip}, which tube may be stiff, flexible, or segmentally flexible such as of
plastic material conpled fo varving durometer plastic material or metallic matenial, may have an
a-traumatic tip, and may be placed mto the lesion prior to mfroduction of the device over this
element, or alternatively, it may be placed throngh the device at a later stage, for the purpose for
example, of enabling contimued access to the site upon removal of the biopsy instrument. The
purpose of this access could be to debiver medications, brachytherapy or other implantable items
{temporary or permanent) at a later time or day, with the advantage that such access could
coptinue well beyond the time when the more bullyy biopsy mstrument is removed. Such an
element could be secured m place for example, under a stenle dressing for later one fime or
repeated use. Flements 140 and 27 may be removable and/or replaceable as desired, such as
when storage capacity may be filled to maxsmum, or to switch to a debivery cartridge (not

shown) such as shown below {(e.g., cartridge 214, Fig. 39).

[8072] Fig. 32 shows a side view of a gear drrve mechamsm 150, accordmg to
one embodiment, for rotating an mternal helical cormg/iransport element 26 of Fig. 24 covered
by an non-rotating {for example) oufer tube 25, 25b ilusfrates a provruding kev-type element
that wonld serve to lock the outer tube to the device bousmg, if , for example, the outer mbe
happened to have a round cross-section. As shown, actuating rod(s) 130 {Fig. 28} may be
boused within the tube 25, which would also be driven forward (distally} and back (proximaliy}
with conng/transport element 26 in order to move cutting beak assembly 13, Actuating rodis}
130 may also be placed externally to tube 25, with, for example, the beak assembly 13 m a
“more than fully open™ or over center {1.e., cufting tips coring a greater diameter of tissue than

the outside diameter of tube 235 with external red{s) 130} confipuration to allow the external
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rod{sy 130 fo rotate with tube 25 without burling on tisste being penefrated axally. An

attachment segment of a tissue storage magazine 27 (Fig. 31) 1s alse showa.

[3673] Figs. 33, 34 and 33 are “down the barrel” perspectives of elements such as
a non- or differennally rotating mner helical cormg/fransport element 26 along with outer non-
or differentially rotating onter mbular element 25, accordmg fo further embodimenis.  These
figures show varving configpurations of rifling intemel weatoents 160 {lands, pus, grooves,
raised or recessed features, and the like) or other phvsical treatments of the miternal surface of
the outer tubular element 25, The treatments such as surface treatments 160 may be configured
to create a resistance fo the twisting of core tissue specumen{s) such that rotation of either the
outer tubular element 235 or the mner helical cormg/transport element 26 would cause the core
fissne specimen{s) fo move m an axial dwection. Inner treatments 160 as shown mayv be
confignred, according to one embodmment, as nifling grooves cut mito the mner wall of an outer
cormng/transport mbular element 23, or nwy be structural ribs placed around the mside wall of
tabular element 23, Additionally, or m place of the nfling grooves or other features, creating a
roughened mterior siwface within the mner swrface of the fubular element 25 in a geometrically
favorable {continnous or dixcontinuous} way, of apy another way of creating a higher fiiction
mtertor surface relative to an mner helical component 26, may result m simular desired
longriudinal movement of tissne speciments) such as from target lesion 15, wrging such severed
fissue core m the proxmmal direction within the cormg/transport element 25, Figs. 34 and 353
show other possible nifling treatment 160 configurations of mternal wall features of outer tubular
element 25, according to further embodiments.  As described, rotation of either element 25 or
26, or differential rotation of these elements, results in the most optimal movement forces,
partially depending on tissue charactenistics and other factors. It is to be nnderstood that the
optimal configurations may be deternuned experimentally for various types of matertals bemng

fransported by these mechanisms.

[po74] Fig. 36 shows vet another embodiment, provided with (an} additional
mternal helix or helices 170 with {a} different pifch angle(s} with respect to a more internal
helical component 26, In this embodument, helical element(s} 170 may be provided m addition
to, or m place of miemal surface components andior surface freatments such as surface
treatments 160, or others that may be mtfegral or sohdly atfached to cormg/transport tube
element 25, Ulihizing a different speed or diwection, or keeping one or the other helical
component fixed in rotation, are exemplary actions that result m longitudinal or axial movement
{e.g.. proxumallv-directed) of {e.g., tissue) matenials therem such as from target lesion 15

Additionally, tlus drawimng illustrates the potential fior use of the additional belical element or
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elements o act 1 concert or at differential rotational speeds and/or rotational direction, coupled
with sharpened tips or tip edges, which if rotated at the same speed and dwection, would assist

fissue penefration.

[8073] Fig. 37 shows three views of biopsy device 10, the fop and boitom of
which are side views and the center view thereof being a plan view, from the fop looking down,
iltustrating futher aspeets of embodunents. In this tHusteation, an mternal carriage structure 189
1s shown with carried components, incloding: fubular cormg and fransport assembly 11; cutting
beak assembly 13 along with but not hmited to, all needed and/or added elements for actuation,
coriag, trapsport and storagefdelivery that may be movable with respect to handle 12 and itx
fixed actrvation switches {not shown); and power supply and wiring attachments (not shown} to
same. In this embodiment, vacoun/delivery assembhes 140 mayv be fixed, rather than moved by
carriage 180, One of the mechamsms for moving carnage 180 is a manual shde lever element
181 that nay be used bv an operator to move the carriage structure 180 maaually during conng
such that either a longer or shorter core specunen lengths 182, 183 may be retrieved as deswed,
or to prevent nndesied penetration by coring elements of the present biopsy device mfo adjacent
vulnerable structures, such ax major blood vessels or other nembv organs.  Alematively,
actuation of camage 180 may be camied out via a mwotor, or via iechamically driven
mechanisms such as a rack-and-pmion mechanism (not shown), for movement of camriage 180,
meludmyg the excursion and direction of camage 180. These movements may easily be made

operator pre-selectable, or selected in real-time (1.2, during the coning stage itself}, as deswed.

[8076] Fig. 38 shows a side and top view of biopsy device 1{, according to one
embodiment, mmcliding a cammage mnchusive of an alternative carnage 190, winch m this case
may comprise vacumnydehivery assembly 140, 141 i s frame, such that movement of carnage

190 would likewise alter thew axially-directed excursions.

{8677 Fig. 39 15 a sude view of a biopsy device 10, according to embodiments,
provided with and coupled to a collection receptacle 210 with ifs seal cap 211 m place and
connection tube 212 mattached. Collection tube 212 may comprise a one-way valve 213 m
place, and other struchwres designed to deliver hpmds collected from the hiopsy site mito
collection recepiacle 210 without pernutiing fhuds fo be aspirated by vacuum/delivery assembly
140 by replacing filter valve 216, In this embodument, storage magazine 27 (shown i Fig. 31}
bas beea replaced by delivery cartriddge 214 such that vacmmvdelivery assembly 140 mav be
positioned tis deliver contents of cartridge 214, which mayv be pre-packaged witlun cartridge 214
A connection tube 215 may be provided connected between vacuum/delivery assembly 140 and

delivery cartridge 214, and this connection tube 13 depicted with a one-way filter-valve 216,
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acting as a debvery port io the device for addition of matermls destred to be mjecied to the
transversed tissue oz m the biopsy site, opposite in functional direetion compared with ope-way
valve 213, also, such thai, for example, ambient aw {optionally filtered} may be drawn m by
vacunnvdelivery assembly 140 to enable it to deliver contents of debivery cartridge 214 {o conng
and trapsport assembly 11 for deposition mto the biopsy cavity {not shows}, or into the tissues

near to the area of the biopsy.

[0678] Fig. 40 15 a smde view of biopsy device 10, accordmg fo another
embodiment, which may comprise a delivery syringe 220 connected to the biopsy device 10,
such that upon depression of phmger 221 mfo delivery syringe 220, its contemts may be
delivered to coring and transport assembly 11 for delivery and deposition into or near the hiopsy
cavity, or, if pre-biopsy, mio the tissnes near the target lesion. In this illustration, reversal of the
direction of rotation of twbular coring and transport assembly 11, would result i delivery
distally {out the end of} out of the device mto the tissue deliverv site within for example the
{esion or nearby breast tissues. The contents of delivery syrnge 220 may comprise a variety of
materials, mnclnding: pre-treatment medications, agemts or other deliverables, which mayv be
sohd, semi-solid, hiquid andfor gasecous mn natwe, radioactive, andior combinations of these;
mplantable elements which may be inert for purposes of cosmetic enbancement; and marking
matenials for reference and other purposes. Not all of these fvpes of elements are shown,
however, sobid or spongy, compressible-tvpe pellets 222 with mtemal marker elements

Bl

represented by 223 are depicted pictorially m Fig. 40

[8079] The following describes aspecis of the present biopsy methods, according
to emnbodiments. In particular, deseribed herennder 15 the manner i which the closed and open
beak assembly confignrabions and stages may be used for specific puiposes, enabled by the
present hiopsy device’s design, functionality and featiwes. As described herem, the biopsy
device 10 may be used m etther or both the open andfor closed beak configurations at varions
fimes during the biopsy procedure for puposes of tracking the tip of the biopsy device 1010 a
target lesion within the patient’s tissue. There are specific chnical situations where 1t may be
desirable to penetrate the tissue leading to a target m closed beak assembly configuration as
shown m Fig. 7 and 23b, or 1 open beak assembly configuration as shown i Figs. 9 and 23b.
A chaical example of the use of the closed beak assembly configurations of Figs. ¢ and 23b may
comprise gently approaching target lesion 15 so that ulrasound gudance distrbance mav be
mmnimized. Note that m the closed beak configuration, no biopsy core may be generated or cut
along the access path fo the target lesion 15, A clinical need may be met m another sttuation

whereby the target lesion may be approached m the open beak configurations of Figs. 9 and 23.
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The open beak configuration enables operator of bropsy device 10 to remove, for example, a
core of densely fibrous tfissue fo periott easy passage and rouwmal traama for subsequent
manenvers of this device afier an mierruption or halt io the procedure (re-msertion, for
example}, or for passage of related catheters, devices and the hke fo and through the path created
to the target area(s}. The methods imvolved m utihizing these two distinctly different
configurations are enabled by the designs of the rotating, cutting beak assembly 13 themselves,
as well as by the ability of the biopsy device 10 to halt or mfermpt stages pnior to moving
onward to a subsequent stage. In addition, embodiments enable de-coupling of rotation of
closed beaks with progression to pext stage(s). This featiwe enables continuous transport {wlule
operating m “mterrupted” stage configuration), as well as continnons cormg/iransport, limiled
only by the length of assembly 11 combined with the length of storage magazine element, such
that cores as long as several mches may be retrieved, where climeally nsefl. A chiucal
situation where this may be desirable may comprise followmg a particular structure within the
tissue, such as along the pathway of a diseased midk duct (not shown) in breast tissue, for

example.

[60860] The present biopsy method, according to one embodiment, mav inwge
organ {such ax breast) tissue and may wdentify the target lesion. The skin sarface mav be cleaned
psing known sterile techimques. The patient may then be draped, and {e.g., local) anesthetics
may be adounistered as needed. Thereafter, the present biopsy device may be mtroduced
through a small mcision (e.g., a skun nick}. The present biopsy device may then be placed in a
penetration mode, with the distal beak 13 bemng esther i the closed or open besk confignration.
If the present biopsy device is caused to assume the closed beak configuration {rotation only
stage at any desived speed, mcluding zero), the distal beak 13 nwy then be advanced through the
tissue, amung fowards the target lesion, stopping just short of the nearest edpe of the target
lesion {e.g., 2-4 nun}. The present biopsy device may be caused fo assume a closed or open-
beak configwation al any fime prior to the part-off stage. The physician may then contumie
advancing the present biopsy device as deswed fo continuously core, starting and stopping
cortng activily (rotation/tramsport} to redwect tip, andior continue cormg activity while
redirecting fip. The coring mav contmue to create a specimen as long as desired. The part-off

stage may then be camted out, and the cormng/transport/part-off cycle may be completed.

[0081] The remainder of the entive lnopsy cvele mway be carried ont as described
above, keepimng m pund that the present biopsy device may be caused 1o assume the open and
closed beak configurafions at any time. The above-described configurationsimodes may be

mterrupted or mamntained as offen and/or ax long ax deswed. For example, such modes mav be
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emploved as needed to follow {open beak cormg/fransport mode) a pathway of abnormal tissue
growth, such as may be found along a duct m tissue i breast for example. The obtamed
miormation may be used m open besk configuration as a means fo further comrelate {and
docwnent such correlattion) that specific core samples analyzed by histopathological exam ave
matched to specific imaged abnormalities within target area(s), utilizing the automatic recording

and preservation capability inherent in the storage magazure design and mntended uxe thereof.

[0082] Pescntbed herennder ave methods of vfilizing sn embodinent of the
present biopsy device’s camriage movement functionality and siructures. The carriage struchures
andd functionality, whether manually actuated or powered and whether used “on the fiy” during
the coring stage or pre-set, may be utilized to prevent unwanted dixtal penetration of the present
biopsy device mtfo nearby vulnerable struchwes. Embodmments of the present biopsy device
fulfill another significant chinical need by utilizing, separately or m combmation, the record
keepmg capability inherent m the structiwe of storage magazine 27 (see Fig. 3} and the stracture
and fonctionalify of the carriage movement(s) to uniquely further characterize collected cores of,
m this case, varvmg lengths, each of which may be unique fo that specific core sample. This
feature and'or combination of features enable(s} an operator of the present device o “mark”
special arveas of mierest for the histopathologist. Thus marking can alse accomplished by the
present biopsy device, for example, by the mjection of marker elements such as dyves, ntihzing

addiional markmg cartridges at any time or fimes during the procedure.

[0083] Indeed, according fo one embodiment, a biopsy method may conyprise
maging the organ {such as the breast) tissue and identifying the target lesion. The surface of the
skin miay be cleaned, using known sterile techniques. The patient may then be draped and then
{e.g., local} anesthetics may then be delivered as needed. The distal beak 13 of the present
biapsy may then be introduced throngh a small incision {e.g., skin nick). The penstration mode
may then be activated, i either a closed or open beak configuration. If the closed beak
configuration {rotation only stage} 15 employed, the distal tip beak 13 may then be advanced,
amung towards farget lesion and stopping just short of the nearest edge of the target lesion {e.g.,
2 - 4 muy). The open beak stage may be imfiated af any tume and mterrupted prioy to part-off
stage. The preseni biopsy device may be further advanced as desired {o contimmuously core,
starfmg and stopping coring activify (rotation/transport) to redwect the distal besk 13, and/or
contiane corng activity while redivecting the distal beak 13, The cormng mayv be continued to
create as long a specimen as desired.  The part-off stage may then be enabled and the
corng/transport /part-off cvele may be completed. Durmg the biopsy stage, carriage movements

may be utilized as desired to safely hinut (e.g., shorten or lengthen) the excursion to prevent
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unwanted eabry of mstrument Bip info nearby organs andfor tissues, and/or i order to remove
bonger core specumerds) to obtain more abnormal tissue, andfor for inclusion of elements of
normal tissue on near or far edges of the target lesson. In esther or both cases (longer/shorier
spectmen cores), the mformation obtamed while carmrving out camage movements ay be
utilized to finther charactenize {and docmment such characterization) the tissue collected at
unique lengths, thereby enabling bistopathological analvsis of each specumen to be positively
correlated with specific imaged areas within the target lesion, uhilizing the automatic recording

and preservation capability inherent in the storage magazime design and mtended nse.

[6084] Further aspects of the use of the storage magazmme 27 (shown m Fig. 3)
are naow described, such that varous clinical needs mav be fulfilled by perontting the operator of
the present biopsy device to mspect the core samples more closely, and m some cases tactilely,
without destroving the record keeping function of storage magazme 27, Fig. 3. Addihonal
method of ex-vive mnagmg are also described, as are the samples in the order in which they were
received and stored within storage/record keeping storage magazme 27, according to still further
embodiments. Since storage magazmes, according fo embodiments, may be configured to be
removable and'or replaceable at any time(s) during the procedure, the present biopsv device
enables a variety of procedural methads to ensue which would ot be possible, or at least would
be mmpractical, without the siructures disclosed herem.  For example, using the present biopsy
device, a clinician may segregate the conlents of one storage magazine from the contenis of
apother, additional storage magazine. The operator of the present biopsy device may also have
the ability to intemrupt coring/transport/storage with another fimetion of biopsy device, all the
while, at operator’s discretion, keepmng the present biopsy device’s shaft coring and fransport
assembly 11 in place, thus muninuzing trauma associated with repeated removal and msertion of

these elements of the present biopsy device.

[0083] Indeed, according to one embodiment, a fissue biopsy method may
comyprise performmg cormg/biopsy fransport cyeles as described above.  Thereaffer, the
procedure may be completed by removing the storage miagazine andior proceeding to marking
andfor treatiment phases. The storage magarine may then be removed and, if desired, placed
under X-Ray, miagnetic resonance imagmg and/or ulirasound transducer or high resolution
digital camera if the storage magazine 1s made of a fransparent material. The core tissue
specrmens may then be inwmpedirecorded. The magazine may then be placed m a delivery
receptacle, sealed and dehivered to a lab for further analysis, making nofe of core lengths and
correlatmg with imagimg record(s) m-situ and ex-vive. Upon removal of storage magazme from

the present biopsy device, the collected cores nwy then be visually mspected through the
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transparent walls of the magazme. The magazme may then be splif open to tactdely snalyze the
tissue speciniens as deswed. The magazure mayv then be closed agam, with the specinien therain.

The magazme may then be deposiied m a {ransport recepiacle, sealed and delivered to a lab.

[8086] The storage magazine may then be replaced with additional empty storage
magazine(s) as needed fo vomplete the biopsy procedwe.  Alematively, other cartridges /
magazines nwy be fitted fo the present biopsy device to delbiver medications, markers andfor
tracer elements, therapeutic agents, or therapeutic and/or cosmetic maplants to the bopsy sile.
The procedure may then be fermunated or continued, such as would be the case should the

practitioner desire to biopsy /core other pearby arveas as deemed chinicallv nseful.

[6087] The present biopsy device pwy be formed of or conprise one or more
biocompatible materials such as, for example, stamless steel or other biocompatible alloys, and
may be made of, comprise or be coated with polymers and/or biopolvineric materials as needed
to optinnize function(s). For example, the cutting elements {such as the constituent elements of
the beak assembly 13} may comprise or be made of hardened allovs and may be additionally
coated with a shippery matenial or matenials to thereby optimize passage throngh hiving tissues of
a variety of consistencies and fictions. Some of the components may be puposely surface-
treated differentially with respect to adjacent components, as detailed herein i reference to the
fransportimg tubular and storage components. The various gears miay be made of anv suitable,
comumercially available materials such as nylons, polyvmers such as meoldable plastics, and
others. If used, the motor powering the various powered functions of the present biopsy device
may be a commercially available electric DC motor. The handle of the present biopsy device
may hkewise be made of or comprise mexpensive, mjection-molded plastic or other suitable
rigid, easily hand held strong and hght-weight material. The handle may be configured m such a
way as to make it eastly adaptable to one of anv number of existing guiding platforms, such ax
stereotactic table stages. The matenials used m the present biopsy device may also be carefully
selected from a ferro-magnetic standpomtf, such that the present biopsy device maintams
compatitulity with magnetic resonance maging {MRI} equipment that 1s conunonly used for
biopsy procedures. The vacnunvdelivery assembly components nwy comprise commercially
available syringes and tubing for connecting to the present biopsy device, along with readily
available reed valves for switching between suction and emptyving of materials such as fluds
which may be suctioned by the vacuum conponents. The fluids collected by the embodiments
of the present biopsy device m this manner may then be ejected into an additional external, vet
portable, hgmd storage vessel comnected to the tubing of the present biopsy dewvice, for

disearding or for safe keeping for laboratory cellular analysis.
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[0088] The power sowrce may comprise an extemal commereially available AC
to DC transtormer approved for medical device use and plugged into the provided socket in the
present biopsy device, or may comprise an enclosed batlery of any suitable and commercially
available power sonrce. The battery mmy be of the one-fime use disposable (and optionally

recyclable) variety, or may be of the rechargeable variety.

[8089] The cufting beak assembly of embodiments of the biopsy devices mav be
used, without alteration of ther shape, sttachment or any other modification, to penelrate tissue
on approach to a farget lesion. The cutiing beak assembly may then be used {o open and core the
tissue specimen, and fo thereafter part-off the specimen at the end of the cormg stage. The beak
assembly may also be used to help augment transport of the collected specimen. Hawving such
multiple functions nfegrated i a smgle device saves valuable cross-sectional area, which m tum
creates a device that has a nummal outer diameter while providmg the maxunun diameter core
sample. Maximizing the diameter of the core samiple 18 believed to be sigmiicant from a clinical
standpomt, since i has been demonstrated mm mmuitiple peer-reviewed joumals that larger
cdiameter core specimens vield more accurate diagnoses. The chmcal desive for large diameter
core samples, bowever, nwst be balanced agamst the tranma associated with larger ealiber
devices. Fmbodiments optimize the ratio so that the clinician can bave the best of hoth worlds.
Advantageously, accordmg fo one embodiment, the mnternal helical transport system may be
confignred fo augment the coring fimetion of the forward cutting beaks. The hehcal transport
coring elements may be configiwed to apply gentle, predictable traction on the cored specimen,
dwring and after coring, which pernuts pairing the ideal speed of lonpitudinal excursion of the
cormg elements of the present biopsy device with the ideal speed of rotational movement of the
sane elements. In fus mamner, the arclutecture of the collected specimen ix less likely to be
disrupted dwring transport. It bas been shown m peer-reviewed scientific arficles that preserving
fissue architechwre {1Le., preserving the architecture of the tissue as it was i vive) {o the extent
possible leads fo an easier and more acowate diagnosis.  The present vacunumvdelivery
mechanism may be configured to enable the force of vacuum o be exerted direetly to the coring
transport components, such that coring and transport of the specumen is haadled ax delicately,
vei as swrely, as possible and comprises non-sigmificantly dunension-increasmig components
such as progressively sized fenestration featires withua collection magazine aveas. If the present
biapsy device were to rely solely on vacuum for tissue transport, then vacuum artifact, whach ix
a known and described phenomenon associated with conventional biopsy devices, might be
present fo a greater degree than is present {if at all} i embodiments described herem. On the

other hand, were embodiments of the present hiopsy device o rely solely on a physical pushing
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or pulling mechanism io refrieve cut specimen samiples, crush artifact mught be more promient

than is otherwise present when entbodiments of the present biopsy device and netheds are used.

{30940 Turning now to vet fimther struchwes of embodiments, the carriage
element provides sfruchwe within the handle of the present biopsy device for locatng the
varions uiternal drive components, and gives the operator the ability fo move this camage with
its conypronents as a wut, enablmyg the operator to advantageously vary the cors length i real
tine, {1.e., during the procedure), with a mechaucal arvangement coupled fo the present biopsy
device that may be selected to be powered mannally or by an mtemal or external motor. The
presence of a cut-off switch enables the operator to selectively choose a continuons operation
function, which pernuts rapid yet controllable repeatable biopxy cycles. By enabling such a
fimctional option, procedure times can be minimized, which may be a potential advantage since
fissue nnages miay become more obscure with mereasing procedure tunes as fhuds accmmmlate at

the site.

[8091] Embodmnents are highly portable and requwre mumimal supporting
equipment, especially m batterv-operated or mechanically-powered embodiments.  For
mechanmically-powered embodiments, one or more “wind-up” springs may provide the
mechanical power required by the present biopsy device. Advantageously, such embodunents
may find widespread acceptance and use throughout the world, particularly m the more
econonncally-disadvantaged areas where access to disposable batteries may be difficult, or
where mains power may be uoreliable. Many conventional devices designed for the purpose of
tissue biopsy need, by their design lumitations, far more external supporting mechanisos, such
as external drive systems, external fluid management and fissue management systems, as well as
separate power and delivery systems, all of which may be built in featares of the embodiments

iHustrated and described herein.

[6092] The internal surface treatments of an outer tube and a bollow, helical
mner component, when actmg m concert, move matenials m a variety of phase states along
longriudinally without the need for complex components that would otherwise contribute
substantially to the outer caliber dimensions of the present biopsy device. Embodiments
comprise a hollow helical transport mechanism that may be both strong and flexible, wihich
confinues to fmction even when distorfed by bending. Conventional biopsy devices typically
cease to fnction properly if distorted even shightly. Ax such, the present biopsy device nway be
configured to define a curve along ifts longitudinal axas and would still function properly, with

punimat modifications.
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[08093] Advaniageously, a bropsy and conng device, according io embodiments,
compiises feahwes configured fo perform medical core biopsy procedures or for harvesting
fissue for other uses. These features comprise structures configured for penetration, conng, pat-
off, transport and storage of core specunens for medical purposes such as diagnosis and
treatotent of a variety of dixeases and abnormalities. Integral and detachable compenents may
be providad and configured to aspirate thuds for cellular analyus as well as deliver agents at
vartous seleciable siages of the procedwre. The preseni biopsy device may be seleciable for
auntomatic andfor semu-sutomatic function, may be wsed with or without mmage guidance, and
mav be compatible with a variety of gindance inagmg equipment such as ultrasonnd, mapnetic
resonance mnaging and X-ray mnaging. The present biopsy device may be configured to be
cisposable and/or recyelable, hughly portable, and delivered for use n sterile packaging, tvpical
of medical devices having contact with mternal body structures. The present biopsy device may
be configwred to be minimally mvasive; may be configired to collect maxunum diameter tissue
specunen cores m operafor selectable lengths as genily as possible so as to preserve gross
anatomue, cellular and sub-cellular architectures, thereby mamtammng the integnty of the overall
structures and makeup of the samiples themselves as well as thew relationships with comprised
nornwl adjacent segments of tissue m the core sanples so that fransition areas can also be used
for analysis; and may be configured to deliver the samples reliably fo a storage recepiacle for
sequential recordmg and easy retrieval therefrom, so that the biopsy specumens can be analyzed
as accurately and easily ax possible. Ax embodied berein, the present biopsy device comprises
several features that may be therapeutic in natwre. to be utilized at various stages along the

diagnosis/treatment pathway.

[6094] Embodunents are not limited in thewr utidity and applicability to hiopsy-
related applications. For exanwple, the hollow helical transport component nwy be nsed n many
commmercial/industrial appheations where handling a variety or single-tvpe material(s) isfare
desmable, potentially on a mmuch larger scale than is the case in medical biopsy procedures.
Swce the present devices can function around corpers for example, the present biopsv devices
may be made far more compactly than other Imearly-configured devices made for the same or
similar purposes. Embodiments miay also rehiably function to core and‘or transport under
extreme condifions that mayv be difficult fo control such as shufting surronndimgs and other
factors. It is to be noted, moreover, that the distal tip and/or body of the present biopsy device
may be configired fo be steerable without loss of finchionality, which may have uses both
within and outside of the medical field. Additionally, the length of the barrel assembly portion

{mmcluding, for example, the tubunlar cormg and ransport assembly 11} of emboduments of the
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present biopsy devices may be contigured fo have most any length, and fo have a vamety of
shapes, such that embodiments might find utility in remote applications, some of which may
requre traversal of mubliple curves, which may themselves be fixed in nature or moving, agam,
without adversely affecting the performance of the present biopsy device. It 15 fo be noted that
mdividaal elements and sub-wystems of embodunents bave separate wtihty and pwy
advantageously be deploved in other devices configured for other pwposes. Indeed, the
deprction and deseription of the emboduments herein 18 not meant to convey that such separate
elements, sub-systems, assemblies and mechanisins do not have novelty and utility outside of
the field of medical biopsies. For example, elemeats such ax the rotating, cutting elements of
beak assembly may perform thewr mfended fanchionds) without the other components described
herein and should not be assmned io be dependent on some of the other features m order to

function as mtended,

[8095] While certam embodiments of the disclosure have been descithed, these
embodiments have been presented by way of example only, and are not intended to lnnit the
scope of the disclosure. Indeed. the novel methods, devices and systems described herein may
be embodied m a vanety of other formws. Furthermore, various opmssions, substitutions and
changes i the form of the methods and systemns described herein may be made without
departing from the spirtt of the disclosure. The accompanymg claims and thew equivalents are
mtended to cover such forms or modifications as would fall withm the scope and spirit of the
disclosure. For exaniple, those skilled m the art will appreciate that in various embodiments, the
actual physical and logical structures may differ from those shown m the figures. Depending on
the embodiment, certamn steps described m the example above may be removed, others may be
added. Also, the featiwes and afiributes of the specific embodiments disclosed above mav be
combined n different ways to form additional embodiments, all of which fall within the scope
of the present disclosure. Abhough the present discloswre provides certam preferred
embodiments and applications, other embodiments that are apparent to those of ordmnary skall m
the art, including embodiments which do not provide all of the featiwes and advantages set forth
herem, are also within the scope of this disclosure. Accordingly, the scope of the present

disclosure is mtended to be defined only by reference to the appended clamms.
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WHAT IS CLAINED IS

1. A biopsy device, conprismg:
a tubular coring and transport assembly;

a distal beak assembly coupled to a distal end of the cormg and transport assembly, the
distal beak assembly comprising at least one movable cutting elentent, the distal beak assembly

bemg confignred fo:
rofate gbout an axis, and

assumie at least a first open configuration operative to enable the at least one cuthing
element to core through tisvue and a second closed configuration operative o snable the at east

one cutiing element to move through the tissue and to sever a cored specimen from the hssue.

2. The biopsy device of claim 1, further compnising a first helical component
configured for rotation within the coring and transport assembdy, the first helical component
having a fust pitch.

3. The biopsy device of claim 1, wheremn the cormp and transport assembly
configured to rotate about the axis.

4. The biopsy device of claim 1, wherein the distal beak assenbly 1s coupled to the
coring and transporting assembly.

5. The biopsy device of clamm 2, wheremn the first helical component s further
configured to differentially rofate within and relative to the cormg and transport assembly.

6. The biopsy device of clamm 2, further comprizing a second pon, equal or
differentially rotating hehical component having a second piich, the second helical component
bemg co-axially disposed relative {o the first helical component.

7. The biopsy device of claim 2, wherein the distal beak assenbly 1s coupled to the
first helical component.

8. The biopsy device of claim 1, wherein the distal beak 15 configured to rotate
about the distal free end of the coring and transport assembly and to selectively open and close.

9. The biopsy device of claun 1, wherein the distal beak assembly, i the first open
configuration, 1s configured to open wider than a diameter of the coring and transport assembly.

10.  The biopsy device of claim 1, wheremn the beak assembly comprises a hrst
cutting element and a second cuftting element and wherein the first and second cufting elements
are hinged at or near the distal end of the coring and transport assembly.

11, The biopsy device of claim 1, further comprismg an actuating rod coupled to the
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distal beak assembly, the rod being confignred to move 1n an axial divection to cause the distal
beak assernbly to selectively assume the furst open confimwation, the second closed
confignration and configurations therebetween.

12, A method of perfornung s biopsy procedure, comprisimg:

providing a biopsy device comprising a tubunlar coring and transport assembly and a
distal beak assembly coupled to a free distal end of the coring and fransport assembly, the distal
beak assembly comprising at least one movable cutting element and being confignred to open

and close.

penetratimg tissue with the beak assemibly nntd the distal beak assembly is near s target

area within the tissue;
opening the distal beak assembly if not alveady opened;

cormng through the target area of the fissue with the beak assembly opened to create a

cored tissue segment; and

closing the distal beak assembly to part-off the cored tissue segment from remaining

tissue to create a cored specimen from the tissue,

13, The method of clamm 12, further comprising rotating the distal beak assembly.
14, The method of clann 12, further compnising rolatmg the tubular cormg and

transport axsembly.

15, The method of clamm 12, further comprismg rotating the distal beak assembly and
rotating the mbular coring and fransport assembly.

16.  The method of claim 15, farther comprismg rotating the distal beak assembly at a
first rotational speed andfor rotating the tubular coring apd transport assembly at a second
rotational speed that 1s different frony the first rotational speed.

17.  The method of claim 12, wherein the biopsy device comprises a fust helical
component disposed within an iterior of the tbular coring and transport asserably and wheremn
the method further comprises rotating the first hehical component.

18.  The method of clann 17, wherem the distal beak assembly 1s coupled to one of
the first helical component and the tubular cormg and transport assembly and wherein rotating
one of the first helical component and the tubular cormg and transport assembly entrains the
distal beak assembly m rotation.

19.  The method of claim 13, further comprising rotating the distal beak assembly
about a circurnference of the twbular corng and transport assembly,

20, The method of claim 12, further comprising moving the biopsy device in an aual
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direction when at least one of opening and closmg the distal beak assembly.

21, The method of claun 12, wherein opeming comprises openming the distal beak
assembly wider than a diameter of the coning and transport assembly.

22, The method of clann 21, wherein coring comprises creating a cored speginien

having a dimuneter that is larger than a diameter of the tybular coring and transport assembly.
23, A biopsy devigce, comprising:
a hollow shaft comprising an nwter surface and an outer surface;

a tissue cutting assembly conpled {o or near a distal end of the shaft, the fissue cufting

element being confignred fo sequentially sever a fust and a second specimen from tissue;

a helical clement configured for rotatton within the hollow shaft and configured to

transport the severed first and second specimens in a proxamal direction withm the hollow shaft,

wheretn the tissue cutting assembly is further configured to sever the second specimen
from the tissue at the same time as the helical component transports the first severed specimien

the proximal direction within the hollow shaft.

24, The biopsy device of claum 23, wherem the helical element 15 coupled to the
tissue cutting assembly.

25, The biopsy device of claim 23, wherem the tissue cutting assembly comprises a
beak assembly.

26.  The biopsy device of clamm 25, wherem the helical element is conpled to the beak
assembly and 15 firther configured 1o open and close the beak assembly.

27, The biopsy device of claim 25, wherein the hehical element 1s coupled to the beak
asseinbly to enable the beak assembly to rotate and wherein the beak assembly ix configured fo
open and close by a beak opening and closing mechamsm that 1s independent of the belical
element.

28 The biopsy device of claim 235, wherein the beak opening and closing mechanism
comprises at least one rod element configured to move distally to open the beak assemibly and
proximally to close the beak assembly.

29, The biopsy device of claim 23, further comprising at least one rod element
coupled to the tissue cutting element, the at least one rod element being configured to move the
tissue cutting element o a first penctrating and severing configuration and m a second coring
configuration.

3. The biopsy device of claim 23, wherein the tissue cufimg assembly is configwred

for rotation with respect fo the hollow shaft.
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31, The biopsy device of claum 23, wheremn the hollow shaft 1s configured {o rofate.
32, The biopsy device of claim 23, wherain the tissue cufiing assembly i3 condipred

fo rotate at a first votational speed and wherein the hollow shaft 1 configured o rolate at a
second rotational speed that s diffevent from the first rotational speed.

33, The biopsy device of claimn 23, wheremn the inner swface of the hollow shaft
comprises rifling mternal features configured to urge severed specimmens m the proximal
direction withm the hollow shaft.

34,  The biopsy device of clanm 33, wherem the helical element and the nfling
features of the mner surface of the hollow shaft are configired to act upon the severed specimen
fo fransport the severed specomen m the proximal direction.

35, The biopsy device of elaim 23, wherein the tissue cutiing assembly 1s coupled to
the helical element.

36.  The biopsy device of claim 23, further comprising a source of vacuum coupled to
the hollow shaft.

37, The biopsy device of clamm 23, fiwther comprising a specumnen storage magazine
configured to sequentially receive the first and second specimen.

38.  The biopsy device of claim 23, further comprising an aspirate receptacle coupled
to the hollow shaft, the aspirate receptacle bemg configured fo receive and store hqumd aspuate

froum a site withun the tisxue.
39, A bopsy method, conyprising:

providing a biopsy device conprising a hollow shait, a helical element and a tissue
cutting assembly, the hollow shaft defming an outer surface and an nner surface, the tissue
cutting assembly being coupled to or near a distal end of the shaft and configured to sequentially
sever a first and a second specimen from fissue, the helical element bemng configired for rotation
within the hollow shaft and configured fo transport the severed first and second specimens m a

proximal direction withun the hollow shaft,

cutting and severmg the first specimen;

transporting the severed first specinten in a proxumal duection within the hollow shaft
usinng the helical element rotating within the hollow shaft; and

cutting and severing the second specimen while the severed first tissue specinen 1s being
transported withm the hollow shaft.

40, The method of claim 39, wherein providing is cartied out with the helical element

being coupled to the tissue cutting assembly.
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41, The method of clanm 39, wheren providing is carried out with the fissne cutting
assently comymising a beak assenibly.
42, The method of claim 41, wherem providing i carried out with the helical element

being conpled to the beak assembly and configared o open and close the beak assembly.

43, The method of claun 41, wherein providing is carried out with the belical element
being coupled to the beak assembly to enable the beak assembly fo rotate and with the beak
assembly configured to open and close by a beak opemng and closmg mechamsm that s
mdependent of the helical element.

44, The method of claim 41, wheremn providing is carried out with the beak opening
and closmg mechanism comprising at least one rod element configrred to move distally to open
the beak assemibly and proximally to close the beak assembly.

45, The method of claim 39, wherein providing 1s carried out with the biopsy device
further comprising at least one rod element coupled to the tissue cutting element, the at least one
rod element bemg configured to move the tissue culting element m a first penefrating and
severmg configuration and m a second coring configuration.

46.  The method of claun 39, providing 1s carried out with the tissue cutiing assembly
being configured for rotation with respect to the hollow shaft.

47, The method of clmim 39, wheremn providing 1s cammed out with the hollow shaft
being configured to rotate.

48.  The method of claim 39, wherem providing is carried out with the tissue cutting
assembly bemg configured o rotate at a first rotational speed and with the hollow shaft being
configured to rotate at a second rotational speed that 15 different from the first rotational speed.

49, The metbod of claim 39, whersin providing i1s camried out with the mner surface
of the hollow shaft comprising rifling mternal featres configured to urge severed specimen m
the proximal direction within the hollow shatft.

50.  The method of claun 49, wherem providing ix carried out with the helical element
and the rifling features of the inner surface of the hollow shaft acting upon severed specimen to

transport the severed specimien in the proximal divrection.
31, A biopsy device, comprismg:
a hollow shaft;

a tissue cutting assembly coupled to a distal end of the hollow shaft, the tixsue cutting

element being configured to sequentially sever specumens from tissue;

a tissue transport mechamsm disposed within the hollow shaft and configwed to



WO 2013/056190 PCT/US2012/060149
41

transport the severed specimens 1 a proxumal direction within the hollow shaft, and

a tissue storage nwagazine removably coupled to the tissve {ransport mechamsin ad

configured o recerve and sequentially store the recerved specumens.

52, The biopsy device of clamm 51, wheremn the tissue storage magazine comprises at
least one of radio and echo-hucent niaternials.

533, The biopsy device of claim 51, wherein the tissue storage magazine cotpprises an
mternal helical specimen transport assembly.

54, The biopsy device of claim 51, further comprising a source of vacunm coupled at
{east to the tissue storage magazie.

35, The biopsy device of claim 31, hwther comprising a source of pressurized aw
coupled at least fo the tissue storage magazine.

56.  The biopsy device of claim 51, wherem the tissue sforage magazme comprises a
surface that definex at least one opening conbigured to facilitate handling of the specimens.

57, The biopsy device of claim 51, wherein the tissue storage magazine 1s configured
to recetve and store specimens of differing lengths.

58,  The biopsy device of claim S}, wheremn the fissue storage magazme 1s configured
ta be opened and closed.

59, A biopsy sysfeny, COmprising;

a hollow shaft comprismg an outer swiace and an mwmer swface that defines a
longriudinal homen;
a tissue cutting assembly coupled to a distal end of the shaft and configured to cut a

spectmen from fissue;

a specunen transport assembly disposed withun the longitndmal lamen and confignred {0
receive the cut specimen and to transport the specimien m a proximal direction within the

longitidinal humen: and

aremovable guiding element extending substantially parallel to the longitudinel lumen.

60.  The biopsy system of claim 39, wheremn the giuding element conprises a needle.
61, The biopsy system of claim 59, wherem the gmding element comprises a wire.
62.  The luopsy system of claim 59, further comprising a plurality of gmde loops

coupled to the outer surface of the hollow shaft and whersin the removable guiding element
exiends through the phurality of guide loops.
63.  The biopsy device of claim 39, wherein the removable giding element extends at

teast partially through the longitudinal lunen of the hollow shait.
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64.  The biopsy device of clamm 63, wheremn the removable guiding element fther
extenwls through the tissue cufting asssinbly and siperges distally past the fissue cuthing
assembly.

55, The biopsy device of clann 63, wherein the removable gmiding element
comprises a lager,

66, A biopsy device, coamprising:

a hollow shaft defining a longiudmal axis and comprismg an outer sirface and an mner
surface:

a tissue cuttmg assemibly coupled fo a distal end of the shaft, the tissue cutiing element

being configured to cut a specimen from tissue;

a carriage assentbly condfigured to move the bollow shaft and the tissue cutiing slement
along the longitudinal axas while cuttmg tissue io selectively lengthen or shorten an extent of

distally-directed movement of the hollow shaft and tissue cutting element.

67.  The hiopsy device of claim 66, wherem selectively lengthening or shortening the
extent of movement of the bollow shaft and tissue cutting element correxpondingly lengthens or
shortens a length of the specimen cunt from the tissue.

68.  The biopsy device of claim 66, wheremn the camage assembly comprises a rack
andd pinion assembly.

9. The biopsy device of claim 66, wherem the carriage assembly is configured to be
mannally actuated by an operator.

70.  The biopsy device of claim 66, huther comprismg an electrical motor and
wherein the carriage assembly ix confignred to be actuated by the electnical motor.

71, The biopsy device of clann 66, wheremn the extent of the movement along the
{ongitudinal axis 1s pre-selectable.

72.  The biopsy device of clain 66, wherein the tissue cutiimg assembly is configured
fo rotate and sequentially open and close and wherem the cuttmg assembly is further configured
o open during a first phase and to close durmg a second phase.

73, The biopsy device of claim 72, wheremn the fisst phase ix carried out nearer a
beginning of the distallv-duected movement of the hollow shaft and tissue cufting element and
wheremn the second phase 1s carned ounf neaver an end of the distally-directed movement of the
hollow shaft and tissne cutimg element.

74, The biopsy device of claim 72, wheremn the first phase comprises coring through

the tissue and wherem the second phase comprises pariing-off the specimen from the tissue.
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75, A method of performmg a biopsy, comprising:

inserting a hollow shaft into tissue, the hollow shall comprising a tissue tufting assembly

coupled o or near a distal end of the shaft, the shaft defiung a longitudinal axis;

usig a carnage assemnbly coupled fo the hollow shaft, selecting an extent of distally-

cirected movement along the longifudinal axss of the hollow shatt and tissue cutting assembly;

causing the hollow shaft and tixsue cufting assembly to fraverse the selected extent of

p=

movement along the longimdmal axus within the tissue; and
using the tissue cutting assembily:
cutting the tissue during at least a portion of the movement;

parting-off the cut tissue near an end of the selected extent of movement along the

ongrtdmal aos.

76.  The method of performing a hiopsy of claim 73, wherein selecting the extent of
movenient comprises lengthening or shortening an extent of movement of the hollow shaft and
fissne cutiing element and correspondmgly lengtheming or shortening a length of the cut tissne.

-

77.  The method of performing a hiopsy of claim 73, wheremn selecting 1 carried out

with the carriage assembly comprising a rack and pinion assembly.

7
{

78 The method of performing a biopsy of claim 75, wherein causing comprises

manmually actuating the carriage assembly.

79, The method of performing a biopsy of clamm 75, wherein causing conyprises
actuating an electrical motor coupled to the carriage assembly.
80.  The method of perfornung a biopsy of clanm 75, wheremn cutting comprises

corng through the tissue by rivtating and mantaining the tissue cufting assembly open.

1.  The method of performing a biopsy of claim 80, wherein parting-off comprises
closmg the tissue cutting assembly near an end of the selected extent of axial movement of the
hollow shaft and the tissue cufting element.

82,  The method of claun 75, wherein selecting ensures that the cutting element
travels no further than the selected extent of distallv-directed movement within the tissue.

83, A biopsy device, conprising:
a hollow shaft comprising a longitadmal hunen of a first diameter;

a beak assembly coupled pear a distal end of the hollow shaft, the besk assembly
comprising a fust hunged cuftmp element and a second lunged cutting element, the beak

assembly being configured to rotate and asswme at least an a first configuration i which the first
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and second cufting elements are operative to cut a core of a second diameter that s greater than
the first diameter through tissue and a second configuration in which the first and second cutting

elements are operative to move through the tissue and o sever the core; and

a fissue fransport assembly disposed withm the hollow shafl and configured to compress

the severed core and to transport the compressed core through the hollow shaft.

&4, The biopsy device of claim 83, whersin the first configwation Is an open
configuration m which the first and second cutting elements are controlled to open wider than
the first diameter and wherem the second configuration is a closed configuration m which the
first and second cuttmg elements are controlled to close to present a tapered profile.

85.  The bwopsy device of claim #3, wherem the tissue transport assembly comprises a
source of vacuum coupled to the hollow shaft.

86.  The biopsy device of claim 83, wherein the tissue fransport assembly comprises a

helical element disposed for rotation within the bollow shaft.

87.  The uopsv device of claim 86, wheremn the helical element is coupled to the heak
assembly.
88.  The biopsy device of claim 83, fiwther comprising at least one rod element

coupled fo and confrolling an opening and closing of the first and second hinged cutting
elements.

89, A method of perforuung a biopsy, comprising:

miroducing, mtoc tssue, a biopsy device comprismg a hollow shaft comprismg a
longrtudinal hunen of a first diameter, a tissue transport asssmnbly and a beak asserubly coupled
near a distal end of the hollow shafi, the beak assembly comprising a hirst hinged outting

element and a second hinged cutiing element;

advancing the hollow shaft through the tissne while rolatmg the beak assembly m a hst
configuration i which the first and second cutting elements are operattve to cut a core from the
fissne, the core having a second diameter that 15 greater than the first diameter;

causing the beak assembly to assume a second configiration in which the first and
second cutting elements are operative to sever the core; and

conpressing the core and transporting the compressed core withun the bollow shaft using
the tissue transport assembly.

90.  The method of claim 8§82, wherem the first configuration s an open configuration
m which the firsi and second cutting elements are controlled fo open wider than the first

diameter and wherem the second configuration i3 a closed configiration in which the first and
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second cutting elenmients are confrolled to close fo present a tapered profile.

91, The method of clamm 89, further comprising ooupling a source of vacuum to the
hollow shatt.
92, The method of claim 89, wheretn transporting s carried out with the fissue

teansport assembly comprising a helical element disposed for rotation within the hollow shaft.
93, The method of claim 92, wherein the helical element is coupled to the beak

assembly.
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