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(57) Abstract: An excisional device may comprise a work element contigured to rotate at a first rotation rate and comprising a first
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SOFT TISSUE CORING BIOPSY DEVICES AXND METHODS

BACKGROUND
[6001] Emboduments relate to medical devices and methods.  More partionlarly,

embodiments relate to single insertion, mulfiple sample soft tissue biopsy and coring devices and

corresponding methods for retrieving multiple soft fissue biopsy samples using a single insertion.

SUMMARY
{0002} Embodiments are drawn to varions medical devices and methods that are used

for core biopsy procedhwes. According fo one embodiment, a biopsy conngidelivery device, also
referred fo hereu as an excisional device, may be configured to retrieve nmultiple samples of normal
andfor abnormal appearing tissues during a single msertion through the skin {percutaneons procedure)
into the, for example, soft fissue area of the body from which the biopsy is taken. Emboduments may
comprise stuctures and functionality for different phases of & multi-phase biopsy procedure. For
example. embodiments may comprise a pre-treatment of the area andfor of the abnormal tissue, or the

delivery of tracer materials for tracking the potential spread or flow patterns whereby the abnormal

fissues {such a5 cancercus tissues) may metastasize. Embodiments may alse comprise an mira-
procedure delivery of medications that may anesthetize fissues at the site, or the delivery of other
therapeutic agents such as pro-coagulants and others, as well as delivery of post-procedure matenals
such as medications, pnplantable materials for cosimetic purposes and other uplantable elements such
as matking devices for later imaging reference. Embodiments of a biopsy device, along with
aszoctated related subcomponents described herein, may provide the capability to refrieve solid,
contiguous andior fragmented tissues as well ax bgmd and semi-zsolid tissues for analvsis, diagnosis
and treatment. Embodiments may be configured to be portable. disposable or rensable and may be

electrically, mechamecally and/or manually powered and eperated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] Fig. 1 1s a perspective view of a core biopsy device according to embodinments;
0004} Fig. 2 iz a perspective view of a core hiopsy device according to one

embodiment;
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[0005] Fig. 3 is a side view of the core hiopsy device of Fig. 1. showing internal
components thereof, according to emboduments;
{8006} Fig. 4 5 3 perspective view of a beak assembly of the core biopsy device of Fig.

1 i an open, corng andfor delivery position, according to embodunents;

[6007] Fig. 5 15 a top view of a beak assembly of the core biopsy device of Fig. 1 in s
closed, penefration or part-off position. according to embodiments;

[0048] Fig. & shows the cuthing, sharp cuthing elements of a beak assembly sngaging a
core sample, according 1o one embosdiment;

[0009] Fig. 7 15 a side view of a beak assembly of a core biopsy device according to eng

embodiment;

{8016} Fig. 8 15 a side view of a beak assembly of a core biopsy device according to one
egvbodinent

[6011] Fig. 9 15 a side view of a beak assembly of @ core biopsy device according to one
embodiment;

[o012} Fig. 18 18 a side view of a beak assembly of a core biopsy device according to

one entbodiment:

[0013] Fig. 11 15 a side view of a beak assembly of a core biopsy device according to

one embodiment;

[6014] Fig. 12 is a side view of a beak assembly of a core iopsy device accordng to

one enthodisnent;

i

S

[0015] Fig. I3 15 a side view of a penetration/coring/part-oft'delivery beak assembly of

o

I

a core biopsy device i a closed, penetration or part-off position as well as a superimposed, open

coring andfor delivery position with lunge assemblies as shown, according to one embodument;

[ol16] Fig. 4 is a side view of one beak element of & penetration/coring/part-
offidelivery beak assembly of a core biopsy device i an open coring andior delivery postlion,
according to one embodiment;

[0017} Fig. 13 15 a side view of a non-refating or differentially rotating tubular conng
and transport assembly of a core biopsy device and a section for mterachng with a beak assembly

(including, for example, elements 13}, according to one embodunent;



WO 2014/193894 PCT/US2014/039676

Lo

[0018] Fig. 16 is a side view of a penetvaticnvcoring/part-offidelivery beak asserobly of
a core biopsy device of Fig. I with one beak element in a closed, penetration or pari-off posihion, with
its mmer slement shown in dash bines, snd another beak slement 1n an open coring andior delivery
position with s mner element hudden by an outer sheath twbe and hinge assembly, according o one

embodiment:

[6019] Fig. 17 13 a side view of a beak ascembly of a core biopsy device in a first closed

configuration, with an addiional conngfiransport/supporfing element, according to one embodiment,

{0020} Fig. 18 15 a sude view of a beak assembly of a core biopsy device in a second
nudway open counfiguration. with an additional coring/iransportisupporting element, according fo one

enbadiment;

[6021} Fig. 19 15 a sude view of a beak assembly of a core bropsy device m a third open
to coring andior delivery positions, with sn additional conng/transport/supporting element, according

1o one embodiment;

[0022} Fig. 20 15 a side perspective view of a beak assembly of a core biopsy device

according to one embodiment;

[0023] Fig. 21 is a side perspective view of a beak assemibly of a core biopsy device

according to one embodimment;

[6024] Fig. 22 i a sude perspechive view of a beak assembly of a core biopsy device

according fo one embodiment;

[0025] Fig. 23a 15 a side view of fixed and hinged beaks of a beak assembly according
to one embodiment, 1 an open configuration, along with opadng and closing actuating components,

as well az hinge and pivot points;

[o026] Fig. 23b 15 a side view of fixed and hinged beaks of a beak assembly according
to one embodiment. i a closed configuration, along with opening and closing actuating components,

as well as hinge and pivot points:

(0027} Fig. 24 15 a close up side view of a driving mechanism for components of beak
actuation elements of a biopsy device, as well as a doiving mechanism for a vacuun assisting element
and a rack-and-pinion rack element of the present biopsy device, in addition fo & motor drrve element

of the presey biopsy device, according o one envbodinent;
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[0028] Fig. 2% ix a side view of phases of drive element relaticniships used to actuate

heak elements of a Mopsy device, aceording to one embodiment:
beak el is of a hiopsy d ding t bod 1
21 1g. 26 1s a side view of phases of drive element relaticnstups nsed to actuate
0029 Fig. 286 i f pt fd 1 t relationsh i fo actuat
beak elements of & present biopsy device, according to one esmbodimment;
[o036] Fig. 27 15 a side view of phases of drive element relationships used to actuate

beak elements of the present hiopsy device, according fo one embodiment:

[0031] Fig. 28 15 a side view of a non-retating or differentially rotating tubular conng

and transport assembly of a core biopsy device and 2 section mteracting with {x) beak assembly of Fig
14, az well as supplenmental actuation augmmenting rod element{x) of the present hopsy device,

according o one embodunent;

[6032] Fig. 294 15 a side-perspective view of a non-rotating or differentially rotatmng
tubular coring and fransport assembly of a core biopsy device and a section mteracting with 8 besk
assembly, as well as supplemental actuation augmenting rod element(s} of present hiopsy device,
according fo one embodiment;

[3033] Fig. 29H 15 a side-perspective view of a tbular coring swd transport assenmibly
having a non-cylindrical shape, according o one embodiment;

[6034] Fig. 30 15 a side view of a core biopsy device showing internal components
mchiding 8 transport helical element. power supply, motor dorve wut, angmenting vacimun elements

and an external power supply plug m socket, as well as an onfoff switch element, according to one

embodiment;
[0035] Fig. 31 1s a top view of a core liopsy device, showing internal componerts

wmchiding a transport hebical element, drive gears for achiating beak slements as well as a pulley and
belt system and elements of a storage tube magazine with fenextration elements, as well as a movahle

csuiding element, according to one embodinment;

0036} Fig. 32 is a side view of a nos-rotating or differentially rotating tubular coring
and transport assembly of a core biopsy device, and a sectton such ax an udernal helical
transport’delivery mechamism, m relationship with {3} non-rotating or differentially rotating mbular

cortng and transport assemblv(s of 8 biopsy device, according to one embodiment;

[0037] Fig. 33 = an end on, perspective view of a non-rotating or differentially rotating

i

tubular coring and transport assembly of a core biopsy device, showing an wmternal surface
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configiwation, and a section such as sn mternal non-rotating or differentially rotating inper helical

transport/delivery element in relationship together, according to one embodument;

[BO38] Fig. 34 15 an end on, perspective view of a rifled mternal surface segpment of a
non-rotatinng or differentially rotating tubular cormg and transport assembly and of an internal non-
votating or differentially rotating inner transport’delivery helical element of a core biopsy deviee,

according to one embodiment;

[0039] Fig. 35A 15 an end on, perspective view of vet another internal surlace
contfiguration of a non-rotating or differentially rotating outer tubudar element comprising an internal
non-rotating o differentially rotating nner transport/delivery helical element of & core biopsy device,

according to one embodiment;

[o048] Fig. 35B i an end on. perspective view of vet another mternal swiace
configuration of & non-rotating or differentially rotating outer tubnlar element conmprising channels and
of an mermnal non-rotating or differentially rotating inner transport/delivery helical clement of a core

biopsy device, according to one embodunent;

[B041] Fig. 35C 1s a diagram of a fubular coring and fransport assembly comprising a

phuality of chamnels confignred to receive mod elements therein, according o one embodiment.

[6042] Fig. 35D} 15 a diagram of a helical elemnent, according fo ore embodinent.
[6043] Fig. 33E 1s a diagram of helical elements, according to one embodiment,
[0044} Fig. 35F 1s a diagram of helical elements, according to one embodiment.
[0045] Fig. 35 iz a diagram of a helical element, according to one embodinient

o046} Fig. 36A 15 8 diagram of 8 tubular coring and transport assembly conmprising

first and second witerdigitated helical elements, according to one smbodiment;

[B047] Fig. 368 15 a diagram of a flexible tubular cormg and transport assembly

comprising first and second mierdigitated helical elements, according to one embodiment;

[6048] Fig. 36C is a side view of a non-rotating or differentially rotating wubular coting
and transport assembly of a core biopsy device, and a section such as a nos-rotating or differentially
rotating internal helical transport/delivery mechamism, mn relattonship with an additional noen-rotating

or differentially rotating internal helical transport/delivery element. accordmg to one enbodunent;
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[0049] Fig. 37A slwrws a side view of a biopsy device, with an internal carpisge that

moves to a distance, or could move withm such houndary 180 holding internal components, according

jo ore endhodhiment;

[pOS6] Fig. 37B shows a fop view of a biopsy device, with sn internal camniage that
moves to a distance, or could move withi such boundary 188 holding infernal components, according

to one embodiment;

[0051] Fig. 37C shows a sude view of a biopsy device, with an wternal carnage that
moves to a distance, or could move within such boundary 180 holding internal components, according

1o one enthoadiment;

[B052] Fig. 38A 15 a top view of a biopsy device, with an mternal, movable, excursion-
modifvimg assernbly {stage'camiagel 190 of components of the present biopsy device, i thas case

earrving additional components vacumydelivery assembly 140, according to one embodiment;

[0053] Fig. 388 1s a side view of a biopsy device, with an irternal, movable, excursion-
modifying assembly {sfagelcarriage) 190 of components of the present biopsy device, in this case

carrving additional components vacumn'delivery assembly 144, according o one embndiment;

[0034] Fig. 39 ix a side view of a biopsy device, showing a vacumm'delivery assembly
140 of Fig. 31, a connecting fube and vabrular assembly, as well as an additional connecting tube and
m-hne valve component, in addition to a collection receptacie, acorading to one embodiment;

[B055] Fig. 40 15 a side view of a biopsyv device, showmg a comnected cariridgs
containing pellets in its barrel, accordinig to one embodiment;

[0056] Fig. 41 shows a portion of a work element comprising articulable beaks
according to one embodiment;

[6057] Fig. 42 shows a portion of & work element comprismz a proximal portion and
articulable beaks coupled thereto by a living lunge, according to one embodinent;

[0058] Fig. 43 shows a portion of a work element comprising a proximal portion and an
articulable beak coupled therefo by a bving lunge. according to one embodiment;

[0059] Fig. 44 shows a portion of 3 work element comprising a proximal portion and an

articulable beak coupled thereto by a meshed hiving lunge, according 1o one embodiment;



WO 2014/193894 PCT/US2014/039676

[ooan] Fig. 45A shows a portion of a work element comprising articulable beak

elements, an extended collar and a hrst helical element, according to one embodiment;

{8061} Fig. 45B shows a detatl of the travel stop structure of the work element of Fig.
454

[6062] Fig. 46 15 a detail view of the articulable beaks of Fig, 45;

[B063] Fig. 47 shows one embodiment of an excisional device, with the non- or

differentially-rotating sheath removed for clanity of illustration;

[00ad] Fig. 48 shows one embodinent of a first helical slenmient according to one
embodiment;

[0065] Fig. 49 shows one embodunent of a first hebical element. accordimg to one
emhodiment;

[0066] Fig. 50 shows one emibodiment of a first helical element, according to one
embodiment:

[6067] Fig. 51 shows the distal region of an excisional device, according fo ene
embodiment;

[0068] Fig. 52 shows a work element, distal sheath and itegrated first helical element

of an excisional device according to one embodinient;

[0069] Fig. 533A shwsws a proxmmal sheath of an excisional device, according to ome
embodiment:

[6078] Fig. 33B shows a detail of the distal portion of the proxiinal sheath of Fig. 534,

[007T1] Fig. 54A shows an excisional device, according 1o one embodiment, with the

distal sheath and the non- or differentially-rotating outer sheath removed;

[BO72} Fig. 54B shows a detail of the excixional device of Fig. 54A;
[0073] Fig. 554 shows an excisional device with the non- or differentiallyv-rotating

outer sheath removed, accordimng to one embodiment;

[B074] Fig. 53B shows a detail of the excizional device of Fig. 354,
[B0T5] Fig. 56A shows an excistonal device with the non- or differentiallv-rotating

cuter sheath pertially remnoved, according to one enbodiment;
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[o076] Fig. 56B shows an excisional device with the non- or differentially-rotating
outer sheath partially remeoved, according to one entbodiment

[BO77} Fig. 57 shows a proxmmal sheath comprising a plurality of elongated slots

disposed i1 & spiral pattern srovnd & longitudinal axis, according to one embodiment;

[6078] Fig. 58 is a partial exploded view of an excisional deviee, according to one
embodument.
[0079] Fig. 5% 1z a view of a distal end of an excisional device showing the outer

sheath, according o one embeodimment.

{0086} Fig. 60 1s a view of the distal end of an excisional device withowt the outer

sheath, according to one embodiment.

(0081} Fig. &1 is another view of the distal end of an excizional device without the

proxunal sheath, according to one embodiment.
DETAILED DESCRIFTION

[6082] Reference will now be nwde m detail to the construction and operahion of
preferred implementations of the embodiments ilustrated m the accompanyving drawings.  The
following description 1 only exemplay of the embodunents described and shown heremn. The
enbodiments, therefore, are not lomited to these mmplementations, but may be realized by other

wplementations.

[0083] Core biopsy procedurex have svolved from simple core needis biopsies
cotaprisinig aspiration of Huids using & simple syringe and seedle fo devices having the capability to
extract sohid tissues for hustopathological analysis. This moore recent capability has proved to be a far
more powerful way o diagnose diseases and abnormal tissue entities, some of which are extremely life
threatening, and others which may be more benign but nevertheless must be defintively distinguished
from the more dangerous types of ebnornalities, including cancerous and pre-cancerous lesions, m-sitn
cancers, mvasive cancers, bemign space scoupying lestons, cystic lesions and others. As core biopsy
procedures have evolved mio far more diagnostically powerfud tools, they have displaced many of the
more wmvastve open surgical procedures, which had been and confine to he performed for diagnostic
purposes, based on the advantages of refrieving a sufficient volume of tissue with the preserved
architectiwre that is so crifical in the diagnosis and treatment algorithim used by clinicians i addressing

these abnormalities and diseases. (One of the most cnitical needs during a biopsy procedure s to
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accurately correlate tissue diagnosis with imaging diagnosis. In order to successhilly accomplish thus,
it s essential to know that the retrieved tissue acthually and accurately represents the umaged
abnormality. This is an aspect where many conventional conng devices fall short, For thix reason,
open surgical diagnostic procedures and other mvasive procedures continue to be performed. (Other
chirically sigmificant lmitations of these procedures mclude the manner in which the abnoral fiasue
separated from the host organ, the manner m which the tissus 15 retrteved and handled durning the
process by the coring opsy device, and the amonnt of biopsy artifact/damage imparted to the tissue
speciiizens by the coring procedure and device. Yet another consideration i the design of improved
cortig devices 15 the existence of an tnportant tradeott among conventional coring biopsy devices, It
15 well known that the larger the caltber of the refrieved tissue samples, the better the corvelation with
the mmagimg abnormality, and thus the easier. more acourate, defuutive and helpful the diagnosis.
However, m order to refrieve larger caliber specimiens, most biopsy devices have large outer diameters,
leading to mncreased trawma, complications, pain and other adverse effects, due principally to the
wprecision assoctated with such large bore devices.  Additionally, tracking a large bore device
through the tissues 1s much more difficult, particularty without the help of an active mechanizm to aid
in smoother and more gradual advancement of the biopsy device. The larger the caliber of the biopsy
device, the more difficult 1t becomes to precizsely visualize the biopsy device mn relation to the target
ashnormality, especially for small fesions (on the order of about ¥ cm to less than ¥ cm). Todav, more
than 4-3 nullion diagnostic core biopsies are performed each vear around the world i the byeast alone,
with as many as 2 millon diagnostic breast biopsies being performed each vear i the US, There s
ittle doulst that many lrvvasive, open surgical diagnostic biopsiex should be replaced by improved core
biopsy procedures. Moreover, there is a need to improve upon existing core biopsy procedures and

devices by elimunating the well-known hinutations of current devices,

[6084] Reference will now be made in detail to the construction and operation of
preferved mmplementations illustrated i the accompanying drawings. Figs. | and 2 show a biopsy or,
more generally, an excisional device 10 accordmg to embodimends baving a tbudar coring and
transport assembly 11 {(also called an “outer tube” or “outer sheath™ herem)} of appropriate dimensions
to retrieve a single or multiple core samples of tissue {not shown) that s/are suthcient to provide the
desired clinical diagnostic or therapeutic result. Such an appropriate dunension may be, for example,
about 4 and 3% inches m length, 1 addition to a forward excursion of the tubular coring and wransport
assernbly 11 during the cormng phase. It ix to be understood, however, that the foregoing dimensions

and any dunensions referred to herein are exemplary in nature only, Those of skill in thus art will
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recogiize that other dimensions andior configurations may be mnplemented, depending upon the
application, and that the tubular coring assembly could be of any length. and may be configured to be

bendable so ax tis define a curve.

[ROBS] One embodiment of the biopsy device 18, as shown n the figures, may be
inplemented in a hand-held confignration comprising an ergononucally comfortable and secure handle
12 at s proximal end from which the fubnlar cormg and fransport assembly 11 ecdtends so that the
biopsy device 10 mayv be eastly directed with one hand while the other hand is free 1o hold a gwding
probe such ax an ultrasound transducer (shown i Fig. 2). However, it is fo be understood that
enbodiments may readily be configured to fit omle any number of guding devices such as =
stereptactic imagmg stage or other gundance modality {not shown). As shown, one embodiment of the
biopsy device 10 may comprise a plurality of sharp, rotatmg cutting elements 13 {herein, alternafivaly
and collectively referred to as “work element”, “beak”, “beak assembly™ or “beak element™ or “beak
clements™) projecting forward distally from the distal free end of the tubular coring and transport
assembly 11 for the purpose of forward penetration, coring andior parting off of the core sample. The
tubular cormig and fransport assembly 11 may comprise a plurality of components, which plurahity may
be confignred to transmnit redational movement to the rotating or non-rotating cutting elements 13, N is
o be understood that the “fubnlar™ description of the coring and tansport assembly mav be of auy
cross section shape and size, of any length. The components of the tubular cormz and transport
assemibly 11 (oot all conmponents bemg visible m Figs. 1-2} also transfer the core sanyple back
proximally along the infernal length of an mner humen of the tubular coring and frarsport assembly 11
to the handle 12 and storage comparfiment {not shown) Accordmg to one embodinent thereof, the
biopsy device 10 may comprise a handle or haandle 12, whuch handle or handle 12 may comprise andior
be conpled o mechamcal components {(nof shown) needed to drive the cormgftvansport/part-
offidelivery distal tubular coring and fransport assembly 11, As shown, one embodiment may
comprize a distally-disposed beak 13 that may comprise one or more sharp cutiimg tip blades
configured to penetrate to the target sate 15 of the intended bropsy, core the target fissue and part-off or
cut off the core sample {not shown} at #s base or at any desired point along the length of the core
sample. The handle 12 may also be coupled to andior comprise the mechanical components needed to
drive the transport mechandsm within the distal tmubular coring and transport assembly 11 and also
within the handle and through to a storage magazine (not shown) attached to the proximal end of the
handle 12, The abality of the present binpsy device to repeatedly core and retrieve multiple sampdes

{not shown} during a single insertion and then store the cored samples i 3 magazine (not shown)
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means that with a single penetration through the skin of, for example. » lvunan breast 16, the operator
can sample nmltiple areas without causing additional trauma that would be associated with having to
remwve the biopsy device 10 each time a sample i taken, and reintroducing the lnopsy device 10 back
uite the patient to take additional core samples.  The handle 12 may also contam andfor be coupled
{internal or external} mechanical components {not shown} for sugmentation vacnwmn fluid evacuation
as well ax the debivery of materialx such as, for example, a varety of medications, iracer materials
andfor implantable marker elements {not shown here). The distal or twbular cormyg and transport
asxetnbly 11, sccording fo one embodiment. may be configured such as fo create the smallest posaible
caliber {e.g.. diameter? of coring fube (lubular coring and transport assembly 11) with a range of {for
exaniple} about 16 gauge o abowt 10 gauge diameter, wilale providing a sufficiently large diameter of

core sanple to be chnically usefnl. The tubular corimg and transport assembly 11 mayv also be of a

sufficient length fo reach distant fargef sites such as, for example, about 4 and % inches {11
centimeters) from the skin swrface without the need for a surgical procedure to enable the distal end
{that end thereof that 1s furthest from the handle 12} of the biopay device 10 to reach the targeted sife.
As shown m the embodiments of Figs. 1 and 2, the distal tubular coring and fransport assembly 11 of
the biopsy device 10 may extend distally from the handle 12 a distance sufficient fo create a core {neot
shown) for diagnosis and/or treatment purposes.  As i described below, tlus distance of forward or
distal projection can be selectively changed at will, thanks fo structure configured for that purpose,
which may be built inte or otherwise coupled to the pressitt higgay device 10, Embodiments of the
present biopsy device 10 mav be used by right andfor left handed persons and o multiple positions
(nwluding upside down for exanyde) and orientations {different angles), so that in areas of hmited
access, the present biopsy device mayv shll be eastly poxitioned for ideal onentation to perform a
biopsy procedure vonder real time or other mnage gdance {not shown). The entire device may be
configured to be disposabde or may be configrwed o be reusabde in whele or in part. Embodiments of
the present biopsy device 10 may be electrically powered by one or more batteries {not shown} stored,
for example, i the handle 12 andior external power sources {not shown} through a sunple elecirical
coupling {not shown} to connect to an external power supply conveniently placed, for example, mn the
handle or proximal end of the present biopsy device, The biopsy device 10 mav alternatively i whole
or in part, be powered by mechanical energy {provided, for example, by compressed air motors, by

watch-type springs, or manually by the operator). In Figs. 1-2, the biopsy device 10 s shown i a

o

coring confignration with the distal end thereof open for coning. and in a configuration in which 1t may

be partially projecting forward from the proxumal handle 12, from its resting position with a portion of
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the ubular cormng and transport assembly 11 extending alightdy distally slong the fust part of s
forward excursion. In this view, the biopsy device 10 is shown with a combmation switch 14 to
activate and’or plossically move varous mfernal components {(not shown).

[pOB6] Fig. 2 is a perspective view of the core biopsy devies according fo one

embodiment, with the distal tp {(conyprsing the beak assembly) of the biopsy device in position wside
an organ {such ax a breast}, a target lesion, an ulirasound probe on the swrface of a breasi. and rotating
cutting and coring beak assembly 1 an open position, according to smbodimnents. Fig. 2 shows the
coring biopsy device 10 pointing at 3 farget lesion 15 within breast tissue 16, as visuslized under an
ulrasound guiding probe, shown af reference numeral 17, The present biopsy device's tubular coring
and transport assembly 11 15 shown pictorially as if moving in an axially forward direction with ifs

distally placed, sharp cufting tip blades of the beak 13 open and votating for conng.

[0087] According to one enbodiment, a methed of carrying out a biopsy procedure
nay comprise imaging the tissue of the organ {such as the breast} of interest and identifving the target
lesiomfs). The shin may then be cleaned nsing stenile fechniques, the patient may be draped and
anesthetics may be delivered. The distal tip of the present biopsy device may then be mitroduced
through a skin muck. For example, a penefration mode may be activated, in wlach the distal bealkl may
be cansed {0 assume a closed beak configuration. The distal besk 13 may be caused to rotate to
facilitate penetration through the tissue. The distal beak 13 may then be advenced toward the target
lesion and may then be cansed fo stop just short {eg. 2 — 4 nuny of the nearest edge of the target
Iesion., A stage may then be inttisted m which the distal beak 13 puay be caused to assmne an {e.g.,
fully) open conhguration and then stopped. An optional debivery stage may then be mutiated, to
deliver, for example, the contenis of a preloaded cartridge such ax fracer elements bke visible dyves,
echo-enhancing matertals and/or radicactive tracer elements or others such as medications {which may
be delivered at any stage of the biopsy procedure). After or instead of optional inyection stage, a coring
stage may be imtigted while holding the biopsy device handle steady andfor actively redirecting the
distal beak as desired. The conng may then continue, i either an sutomatic or semuantomatic mode,
During the coring stage, the carriage movement fnction may be engaged fo etther elongate or shorten
the axial excursion of the coring slements as desived to achieve acceptable or desired tissue margin
collection at both ends of sample, or {0 avord unwanted coring nto adiacent tissues, or stmply o obtain
differing core sample lengths for later correlation with varioux stages of the documented procedure.
During one or move of the corings, a record stage may be activated to helt the coring stage just after the

specuiien: has been parted-off in order to enable the practitioner to record tagels} of the shaft of the
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biopsy device m place i the lesion, to document that core samples {particularly those of differemt
chosen lengths obtamed serially during the procedure) were acquired precisely from imaged lesions.
Upon comypletion of the biopsy procedure and, if desired, prior to removal of the device, a specimen
nlirasound or & radicgraph may be carrted out upon the specimens collected within the storage
mwagazine, which mav be sspecially configured for echo and radio lucency as well as compatibility
with MRI and other mmaging technologies. The removable magazine may then be placed mito a
receptacle preloaded with preservative and sealed. and if deswred, a replacement magazine may be
loaded into the device to continue the biopsy. Following the acquisition of & suificient nwmber of core
samples and following the documentation stage, the core sample acquusition site may be fipmly
correlated with the unage abnormality location. If so attached, the hipud aspirate storage vessel may
then be removed and capped securely for fransport fo an appropriate laboratory for cellular and
subcelhdar analvsis,  Alternativeldv, still with the biopsy device in place, the tissue storage magazine
may be removed, which may be replaced with an injection cartridge that may be pre-loaded with post-
bropsy elements sich as medications. cosmetic mnplanis, brachvtherapy elements, and other materials,
The present hiopsy device may then be removed from the site and the wound may then he dressed,
with the nsual standard of care procedures. It is fo be understood that the above description is but one
exemplary methodology and that one or more of the steps described above may be omitted, while other
steps may be added thereto. The order of some of the sieps may be changed, accordmg to the

procedure.

[6088] Fig. 3 shows a side internal view of a coring biopsy device 1, according to one
embodiment. As shown, two infernal components of the present biopsy deviee™s wubular coring and
fransport assembly 11 are shown namely, 3 non- or differentially votating tubular coring and transport
assembly 25 of the fransporhing mechanism and a more mternally placed {also non-or differentially
rotating) helical element 26 extending from the sharp cuthing tip blades of beak 13 proximally back
through the handle 12 and ending in overlappimg manner mside or outside up to the opening of a
storage magarme 27. Also shown are a baitery power source 28 and an elecirical driving motor
assembly 29 mcluding gearing configured to rotate and axially displace the components of the tubular
cortag and transport assembly 11, In the embodunent illustrated i Fig. 3, an activating switch 30 is
shown in position at the forward, topside portion of the handle 12, 1 being understood that the
placement and structure thereof may be freely selected. An augmenting vacuvunvdelivery mechanism
may alse be provided. as shown at reference numeral 31, wluch may also be drivenr by the driving

motor assembly 29 during coring and transport of the core tissue specimens {not shown), Also shown
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in Fig. 3 is a power coupling or jack 32, configured for connection to an external powsr source {not

shown).

[BOBG} Fig. 4 shows a close up perspective view of sharp cothing fip blades emerging
from the distal end of the wbular conng and fransport assembly 11, which may be advantageously
configured, according to one embodiment. fo have a beak-like shape. The forward and side edges 40
and 41 of the blades may be sharpened such that they are able to cut fissues while the beak assembly
rofates, while moving distally m an axial direction with respect to handle 12, andior while opening
away from and then, in seguence, closing down against one another to part-off or sever the core sample
{not shown}. The cutimg tips/blades of beak assembly 13 may be opened as far apart as desired.
However, for illnstrative purposes. they are shown m Fig. 4 as being opened {o a posttion that may be
characierized as bemg roughly parallel to the rest of the tubular coring and transport assembly 11 (not
shown in Fig. 4}, The shape of these cutting tip blades of beak assembly 13 may be advantageously
selected such that when closed. thev completely ccclude along their forward 40 and side 41 sdges,
However, the cuting tip blades of beak assembly 13 need not completely contact one another along the
entire edges in order to effectively core and sever o part-off the base attachment end or any other pomt
along the length of the core sample {not show), as, for illustration purposes only, if the beaks are
rotating or nwving axially while closing. The shape of the sharp cutting elements of beak assembly 13
may be formed, for example, by straight angle cuthing of 2 tube such ax stamndess steel hypo-tube,
sitnilar to the way a hypodetmic needle is made, but with a signitficant differentiator; namely, that the
cutting of the elements of beak assentbly 13 may be advantageocusly carried out such that the furst angle
or bevel cut 15 stopped at the balbway point along the o, once the mudway point across the tube
diameter is reached. Then, begimung from the opposite sidewall of the fube, another identical cut s
made at the same angle and begoming m the same plane and starting pomnt. This cut ends where #t
wonld meet the untial cof GF using the same raw stock twbe for examplel. In this manner, the edges of
the cunting tip elements would perfectly coclude and close off completely with one another all along
the forward 40 and side 41 cutiing surfaces, while in the closed, part-offisevering position {not shown}.
According to an embodiment, a method for shaping the sharp cutting 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 bepins more near the sharp fip end than straight across the diameter of the raw stock tube or
hvpo-tube stock. The purpose of begimming this cut “downstream™ towards the tip is so that in closed
position, the distance chosen pernuts the closed elements of beak assembly 13 to close down without

their bases extending cutward beyond the diameter of the fube from whence they were taken—which
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may be about the same diameter of other components of biopsy device 10, such as the outer non- or
differentially rotating tubular coning and transport assembly 25, It may also be advantageous o cut the
cutting tip elements from a tube of shightly larger diameter than the other components of the present
biopsy device o achieve shapes that would still comprize all of the funchionality of the design, but also
comnprise a feature such as a “springiness™ fo simplidy the hinge mechanisns i nested form, simpdify
construction, allow additional tip base configurations, or allow steeper angles for the cutiing tip m
closed configuration or to allow the beaks to open to such a degree that the cuthng radius of the beak
tips exceeds the ouler diameter of the fobular corng and transport assembly 23 Such inherent
springiness would also mmprove the stiffness of the cufting tips i 8 radial dimension, which may
facilttate easier penefration of dense tissues. The base cut may, however, comprise a flap {and thus
require 3 shghtly more complex cuf to create a shghtly more detailed shape to comprise a contignons
section that may be formed bvto a hinge as described {not shown? above that may later be made info a

hinge {such as is shown below, with respect to hinge assembly 30 i1 Fig. 24}

[B0946] The shape of the sharp cutting elements beak assembly 13, such as the
embodiment thereof shown i Fig. 4. for example, provides substantial support vectors for all
movements required of the cutting blades during rotation, opeming'closing and axial motions {not
shown) This embodiment enables the sharp cutting elements of beak assembly I3 1o be made
extremely thin, which fulfills a requivement that for any given outer radiel dimension of the tubular
cormg and iransport assembly (mcluding the cutting beak assembiy) 11 {see also Fig. 1) the caltber of
the core sample retrieved from the patient will be 2 large as possible. In addition, were the sharp
cutting elements of beak assentbly 13 instead formed of a cone-like shape, they wonld not. when wide
open and roughly parallel to the long axiy of tubular coring and transport assemtbly 11, core a full
diameter sample. smce the conical taper progressmng towards the tip wonld be of ever dmmrushing
radms compared with the twhular coring and transpert assembly 11, which is prepared to receive the
core sample. The shapefs) of the sharp cutting elements of beak assembly 13 specified for use m
coring and part-off accordmg to embeodiments enable the bopsy device 18 to core a hull dhameter {and
1 fact larger than full diameter with respect in the dimensions of the coring and transport assembly 11,
of which shghtly larger caliber {e.g., diameter} may be desirable i order to compress, “siuff”, or pack
i as pwch fissue sample mito the tubular coring and transport assembly 11 as possible}, wluch may
prove advantageous from several standpomts {inchuding diagnostic, chinical standpoints) or previde

more sangde {nof shown) for analysis,
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[o091] Fig. 5§ shows a top view of the sharp cuthing elements of beak assembly 13,
according to one embodiment. In this view, a hinge assembly 5O {which may have been formed
continuous with the rest of the pece, using, during construction, a shightly more complex cut from the
raw tube stock as described above} is shown af the proxinwl junciion point of the sharp cutting
elements of beak assembly 13 with the non- or differentially rotating twbular coring and fransport
assemibdy 25 of & tubular cormng and transport assembly 11 (shown m Fig. 1}, The hinge assembly 30
may uteract with 8 ratsed rim section 51, or with other attachment method that perpets differential
rotation of the fubunlar coring and trausport assenibly 25, so that the beak assenmibly 13 mav rotate
mndependently of the tubular coring and transport assembly 25 of the tubnlar conng and fransport
assembly 11, . I is to be understood that this hinge assembly may alse be fixed to the tubular coring
and transport assembly 25, and thus rotate the beak assembly configuonsty with the mbular cormg and
fransport assembly. This hinge assembly 50 may have sharpened edges 52 so that they enconater
minanal resistance in the fissue during rotational and other movements. This design featwwe may also

by

serve fo “core” a shghtly larger diameter within the tissue dwrmg “closed beak penefration”™ mnde, so
that the tubular coning and transport assembly 11 may move with less resistance within the tissue
enviromment on the way o the target lesion or fissue harvesting site. The constituent clements of the
hinge assemnbly 50 mav also be slightly angled so that, during rotation, they provide a “screw™ fype
effect, helpmng to pull the outer diameter of the shafl {iubular coring and transport assembly 11}

through the dense tissues that are often encountered in breast tissue 16 {shown i Fig. 2} or other tissue

found in the body, on approach to target lesion 15 {also shown m Fig. 2}

[0092] Cluveally and procedurslly, the ability of a biopsy device to advance geutly
fowards a target lesion provides several advantages. Indesd. when a biopsy device does not advance
gently toward a farget lesion or does not smoothly core through dense farget fissue, the operator may
be led to exert excessive force onto the biopsy device, thereby potentially forcing the biopsy device
into and even through adjacent structures. There have been instances of biopsy device components
bemng broken off, reguiring surgical removal thersof from the bopsy site when excessive force was
needed in attempts to obtam core samples from tissues such as dense breast fissue 16 (the density
characteristics of the breast tissue 16 not illustrated in Fig. 2}, The present method of powered, closed
beak penetration mode m one embodiment herein and provided for with a specific cvele stage n the
biopsy device 10 of Fig. 1, enables an operator to gently and smoothly approach 5 target lesion such as
shown at 15 Fig. 2. without requiring excessive manwual axially-divected force to be exerted on the

present biopsy device by the operater. It is to be noted that when excessive foree must be exerted o
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advance conventional coring devices through dense tissue, the resulfant mnage provided by guidance
modalities {such as nlivasound) may be significantly distorted by the force apphed io the conventional
coriig device and transterred to the swrrounding tissue which may cause the resuliant iage to be less
distinet or blurred, and which, i turn, makes the biopsy procedure less accurate and much more
difficult tectuucally, This force may also damage tissue, resulting in loss of tissue architechue and
production of the aforementioned hopsy artifect. It 1s an unportant goal of all core biopsy procedures
o firmddy establish that the core sample s taken from the highly specific mnage ares, nobwithstanding
the constraints unposed by the small dunenswons of the target tissuwe. Such small dunensions, therefore,

veguire clear views of sharp margins fo attain the kind of accuracy desired.

[6093] Keeping the foregomy in mind, embodunents provide the operator with methods
and mechanisms to gently approach and core a target lesion with minumal physical, manual force, thus
freeing the operntor to focns on the {offen minute) struchires to be sampled. In core biopsy procechues,
1t iz highly usefisl to capture a siall ampouat of normal swrronnding tissue still attached to the abnonmal
tissue, at the pnchon there between, and on both ends of the core sample. The present devices and
methods provide an opporhmmty fo accurately measure the sire of an abnormwlity optically, for
example, under microscopic analvsis, The embodiment of the core biopsy device may be configured
o gently approach the target lesion 15 in a closed beak configuration {i.e., a configuration substamtially
as shown in Fig. 5} stopping just short of target lesion 15, then procesding to an open beak
configuration {1.e.. a configurabion substantially as showsn m Fig. 4), conng 3 small bit of normal
adjacent tissue, continuung through leston 15 to the distal side thereof and coring 2 smell amount of
normal fissue on the other side of the lesion 15 as well, while maintaining control of the biopsy desics
within swrounding host fissue such as breast tissue 16, Though not ilthstrated here, the hinge
assembly {1ex) 50 may also mnteract with a flared owtward/flared 1nward circamferential nner surface
of the tubular coring and transport assembly 25 for the purpose of providing a hinge assembly for the
rotating, cutting, pari-off elements of beak assembly 13, As shown, the rotating, cuiting, part-off beak
assembly 13 may bave additional shapes such as a more pointed end as shown {arrow at reference
nwmeral 53) at the forward tip, andior may have serrations along one or more edges to faciliate
cutting, part-off, openung andior closing. The rofating, cutting, part-off beak assembly 13 may also
have a more tapered (steeper or shallower angles} shape as required by the confines of and resistance
of the materials m which they are designed to operate.  Such different shapes (including asyimetric
shapes) and sharpened fips {such as pount{s) 33) are considered to be withun the scope of the present

envbodinients.  Embodiments, including the beak assembly 13, may be configured fo enable the coring
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of full dismster samples and the parting-off of the cored full diameter sample. Embodinents may be
further configured for closed andior open beak penetration through tissue and for transporting the core
sample {slightly larger dissneter covex, tapered ends for stressnlined passage of cores, ete.,} smong
other functions. Embodiments may also be condigured for open beak coting o a target tissue. enabling
a gentle “core to the lesion™ operation where a chinician desires to have a clear reusable track to a target
tissue for future treatment options. Embodiments also comprise structure and fiunctionality configured
o enable the ejection and deposthion of therapeutic andior diagnostic elements andior substances m the

open besk confignration for precise deposition thereo! within the ares of 3 biopsy site.

[6094] Fig. 6 shows the coring, sharp cutting elements of beak assembly 13 engaging &
core sample 60, This figure also may represent the coning, sharp cutting elements of beak gssembly 13
in the open position, dehivering an in-situ marking element. by ejecting the marking element 60 via the
coring and transport assembly 11 of the present biopsy device 18, Allernatively still, the element 60
may represent some other therspeutically-active element. such as a radio-active seed for

brachytherapy, or a porous slement loaded with a biologically active substance.

[6095] Figs. 7-12 show a beak of the core biopsy device of Fig. 1 m various seguential
stages ranging from closed fo nudway open to fully open coring andior delivery positions, as well as
next stages progressing from fully open to midway closed to hully closed part-off andfor closed
penetration posittons, according fo embodonents.  Indeed. Figs, 7-12 illustrate varions phases of
operstion and functionaluy of components of the coring bopsy device of Fig. 1, according to
embodiments. Specifically, Fig. 7 illustrates a side view of the phase of rotation and forward or distal
axial movement of the mmbular coring and transport assembly 11 and attached cutting elements of beak
assentbly 13 v a closed confignration, as well as additional hinge assembly {1es) 70 comnected to
protruding element(s} 71 of an inner tbular element / helical element 26 of the tubular cormg and
transport assembly 1. Fig. 8 is a side view of partially opened, rotating and axially forward shifting,
cutting elements of beak assembly 13 as they open to forwardispiral-outward core a fissue specimen
{not shown} andior to deliver matenials {not shown) inte the tissne. Hiunstrated mn Fig. 8§ are details of
the mteractions between the elements of the beak assembly 13, hunge assemblies 50, the non- or
differeatially rotating tubular coring and transport assembly 235 of the wbular coring sl transport
assemibly 11 ax well as distally protmading elements 71 of an itweer rotating tubular andfor helical
delivery component 26 of the tubular coring and transport assembly 11, which serve to open the beak
assernbly 13 due to the changing plane of the hinge assemblies contacting the tubular corimg and

irausport assemibly 25 with respact fo the points contacting the protivding elements 71 of the nwmer
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component 26 of the tubular coring and transport assembly 11, Fig. 9 illustrates a widely open phase
of the tubular coring and transport assembly 11 and the cutting beaks 13, further showmg the changing
planes 72 of the hinge assemblies 70 and 30 xo ax to achate the cutting elements of beak assembly 13,
It should be noted that rotation and axisl movemerst of the cutting elements continne thwoughout these

as well as the next illusteated phases, as shown in Figs. 16, 11 and 12,

[o096] Fig. 10, 11 and 12 show the phases of wide-open cormgidelivery (Fig. 10},
followed 1o sequence by spiraling, closing down movement of the beak assembly 13 durmng rotation
and axial movement of these elements, as well as components of the tubular coring and twansport
assembly 11, Fig. 12 shows the position that leads to a complete severing of the core tissue specimen
{not shown) from s base connection pomt with the host fissne, by the cubimg, part-off beak elements

13 of the tubular cormng and transport assembly 11, according fo one embodiment,

[0097] Figs. 13, 14 and 13 illustrate vanons lunge assembly alternative details for the
uiteraction between the cuthing slements of beak assembly 13 and the other components of the tubular
coritg and transport assembly 11, for the purposes of actuating the cuthing elements of beak assembly
13, according to further embodumnents. Fig. 13 shows an embodiment in which the hinge assembly or
assentbliex 30 are displaced mwardly during forward piveting and moventent, with respect to the hinge
aszemblies 70, In this embodiment, the rotating belical transport element 26 may be used to move the
hinge assemblies 30 wiale an additional rotating inver component {not shown) placed m radial position
between the outer non- or differentially rofating tubunlar cormg and transport assembly 25, may be used
to anchor the hinge assembly (iex) 73 Fig. 14 shows another embodiment in which the hinge
assembly {ies} SO of the cutting beak assembly 13 are secwred in plane by the owler, non- or
differentiathy rotating mbular cormng and transport assembly 25, while hinge assembliies) 70 protrude
distally to open then retract back proximally to close the cutting elements of beak assembly 13, which
may be configured to rofate while moving outwardly, distal-axially to open, and which move mywardly
to cloze down under rotational, axial motion. Such movements may be either directed distally andior
proximally, depending on the particular phase of the entire cycle of operation of the present biopsy
device. Advattageously, locating hinge assemiblies 50 as shows tn Fig. 14 enables the outer diameter
of the cutting elements of besk assernbly 13 to be precisely controllabde and reliably located. Such
lunge assembdies 50 epable the cutting elements of beak assembdy 13 to muot excesd {any more than
desirable), the outer diameter of the more proxmmal cormgiransport fubular cormng and transport
assernbly 25, Yet, the cutling elements of beak assembly 13 may be configured to enable them to

hinge sutficiently imward to occlude and part-offisever the core saniple at the end of each coning cyele,
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Fig. 4 also shows an enbodiment that comprises an inner helical transport coring elenent 26 of &
tubular coring and transport assembly 11 within the outer non- or differentially rolfating tubular coning
and transport assembly 25 of the tuhular coring and fransport assembly 11, Thix helical element 26
may be configured to terminate i a collar section SO which may attach o {a) provruding element{s} T1
that servels) as snwchoring hinge assemblies 70 for rotating, cutting beak assembly 13 of the biopsy
device of Fig. 1. The differential nwwvement of the planes of huinge assemblies 70 with respect to lunge
assemblies 50 results in openmyg and closingz of cutting beak assembly 13, in correct precise tinung

such that the functions called for in each stage of the coningbiopsy oyvele ave fuifilled.

[6098] Fig. 15 shows details such as examples of flaring, tapering surfaces 81 of an
outer non- or differentially rofating tubular coring and fransport assembly 25 of the tubular coring and
transport assembly 11, which may serve as a locating rim 81 with which to actuate hinge assembly
{tes) 50 of the cutiing beak assembly 13, as tubular coning and transport assembly 25 and hunge

aszetnbly 5 miove together axially relative 1o hinge assembly {ies) 70

[0099] Fig. 16 shows one smbodiment wcluding one cutting beak element 13 wn a
closed position, wlile an additional cutting beak element 13a 15 shewn m wide-open postion to
illustrate the relative positions of the hinge assemblies 50 and 70, In this representation, further details
of hinge assembly(ies) 70 are shown, with axial and radial positions constrained sufficiently by a slot
glement 90 or some other configuration such as a trough conhiguration, witlun an mmner forward collar
section 80 of a helical cormgfransport element 26 of the wbular conng and fransport assembly 11
These elements together act to rotate the beak assembly 13 and also to mwove the hinge assemblies 70 m
an axial direction distally and proximally relative to hunge assembly (ies) 50 to actuate opening and

closing of the cuthing beak assembly 13 in the various phases ithastrated previously.

[0106] Figs. 17, 18 and 1% show a configuration with a forward cutting edge of an
additional cutting, tbular component 101 of an mner cormgitransport belical twbular twansport
assentbdy 102, according to still further embodiments. In thix case, the cuthing beak asserbly 13
actions may be supported and augmented by thix additional outiing transport assembly 102, In thss
configuration, the cutting beaks 13 may be supported more firmlby at their distal pouys and mey be
aided in coring by an additional forward-edge-sharpened surface 183 {distal edge). rotating and
distally- moving component 10!, In this iflustretion, a bearing surface rim 104 may be provided to

protect the side edges of the rotating, cuthng beak assembly 13,
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[0101] Fig

rzl

. 28, 21 and 22 show I various perspective views, an alternate

configuration with a smgle, hinged, rotaimg, cuthing beak element 13, with an opposite fixed {(non-

hinged}, rotating, cutting beak element 13h, according o still another embodiment.

[p162] Figx, 23a and 23b are side views of the single lunged rotating cutting beak 133
and the fixed hinge rotating cufting beak 13b shown tn Figs, 20-22. According fo one embodiment, the
hinged cutting beak 13a 13 shown fatted with a shde locator lunge tabs 105 at lunge assembly 106
{stnddar m location to hinge assembly 30 Fig. 141 The pwrpose of thas shde locator hinge tab 103 8 fo
rofate inside coreffransport fobular coring and transport assembly 25 along with inner helical
coredtranspaoating component 26, vet enable axial movement so as to close cutting beak element 13b
mwards towards cutfing beak 13a for the purposes of closed beak penetration, and parting off or
severing a core sample at 1is base attaclument point, or at any desired point along the length of the core
sample. at the eand of the cortng stage. As shown, the axially actuating slide locator hinge tab 105
causes actuator rod 130 to interact with shide ridge’rim 107, which may be connected to slide locator
hinge tab 105, Ax actuating rod 130 moves distally and proximally in an axial direction, its force may
be fransnmitted via clevis 108, tdwough slot in tubular coring and transport assembly 25, to the ndge’rim
107 which, in twn, moves shide locator lunge tab 105 a corresponding distance and divection. This
action moves rotating beak 13b about its other hinge pivots 102 on pon-lunged rofating beak 13a, to
oppose {close down upon) rotating beak 13a along its xidex and frout cutting edgex for the purposes of
closing the end of conng and transport assembly 11 for pensivation sadior parting off of a core sample
at itx base comnection with host tissue or st any desired point along the length of the core sample. Alse,
beak tips 53 may be configwred to work together in cuthing action by resting i closed position adjacent
o each other {(scissors action when rotahing), to meet af thewr fips onby, or to assume an “overbite”,
“under bife™ or other configuration to assure postiive part oft of the fissue specimen to be collected for
transport, regardiess of whether other adyacent beak adges completely touch along their entire border

OF 110Y,

[0103] Referring now to the mechanisms of actuation of the rotating, cutting beaks, Fig.
24 shows a driving mootordcluich assembly 29, a set of gear and cranki/connecting rod assembhies 110,
111, as well as thewr relationships with whular coring and transport assembdy 25 and transport elenents
26 {helixt and 27 (mwgazine} of tubular coring and taasport assemibly 11, according to one
embodiment. These assemblies may be configured to seguentially and contimuousdy actuate the ubular
cortg and fransport assernbly 25 and fransport element 26 in rotation and axial movements. As shown

1 Fig. 24, a Iarge gear and connecting rod assembiy 114 and 111 related to and acting on an vwner non-
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or differentially rotsting helical tubular component 26 via a slidefring/andfor gear conponent 116 may
be provided, as well as a similar assembly 110 and 111 related fo and acting on a non- or differentially
rotating tubular coring and transport assembly 25 via a sinular shdefring or gear assembly 117, In one
envbodiment, the gear and comnecting rod crand-tvpe asserablies 110 and 111 may be configured o
mwove the tubnlar coring and transport assembly 25 and transpaont elemeng 26, themwelves components
of the mbular conng and fransport assembly 11, relative to one another such that, m turn, the wbular
coritg and transport assemblyiies) 23 and tramsport element 26 mdividually act on the cutting beak
asxetnbly 13, Fig. 1, along the long axis of the biopsy device 10, to cauze the cuilting beak assembly 13
to open and close while rotating so that they roay be able to open widely within the thissue for cortng
and then af the end of the coring cycle close back down agamst one another to sever the base
attachiment of the core sample or fo sever the core sample af any desired point along s length. For
dlnstration purposes, it is wseful to refer once agam fo the wdividual components as shown in Fig. 14,
wnchading tubular non- or differentially rotating tubular coring and fransport assembly 25, mmer helical
nont- or differentially rotating coring/transport element 26 as well as cutting beak assembly 13, As s
further shown i Fig. 24, the driving motorfclutch assembly 29 mayv be coupled, via gearmg assembhies
112, to one or both of the tubular coring and transport assemblies 25 and fransport element 26, such as
by & wortn gear and bevel gear set as shown or by some other fanctionally equivalent assembly or
assemblies, thus  achieving matched or differential speeds of both rotation and besak
penetratiowopening/closing. as deswed.  The purpose of such 3 mechentsm asx shown m ths
embodiment of Fig. 24, and also referring to the elements 23, 26 and 13 i Fig. 14, may be to rotate
one or both of the wbudar conng and transport assemblies 25 and transport element 26, in either the
same or opposite directions, which then also rofate the cutting heak assembly 13 during the vanous
phases of cormg, pari-offisever the core sample (not shown) and transport the same back proxisally
through the handle 12, via the tubnlar coring and transport assernbly 11, ounter twbular element 25 and
fransport element 26 andfor magazine element 27 at the jonction 119 of clements 26 and 27 of the
biopsy device 10 and oo a storage magazine 27 such as shown m Fig 3. The worm gear element of
gear assembly 112 may be divided info two sections wiath different pitch (not shown). for mstance a
pitch associated with slide‘ring component 116 (1163) and a relatively different pitch for shide/nmgior
eear component 117, isell gear putch matched fo s corresponding section 117a of the worm gear.
Such an arrangement would provide one means of differentially rotating outer element 25 relative to
the rotational speed of nner element 26, A funther illustration shown m Fig. 24 refers to =

vacuum/delivery mechamsm {alse designated element 140, Fig. 30 described below), wluch may
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COMpIise & syringe type componart 113 and associated cradv'connecting rod attacluments 114 to one or
more gears or other mechanisms {(not shown) to drtve a plunger assembly 115 back and forth to create
positive pressire andior vacuum, which may aid in conng and iransport.  The vacusumddelivery
component 113 may be coupled via, for example. tube and valve assemblies {not shown} to a storage

-
o f

magazine 27 such as shows @ Fig, 2 for the purposes of augmenting core specinien moveinent wdo 8
storage magazine 27, suck as shown w Fig 2. Additionally, & vacuumd/debivery componestst may alse
be used to debver componenis {not shown} to the biopay stte via the tubular coring and transport
asxetnbly 11, & vacuum/delivery component may also be used to draw fluids and fissue cells from the

target site {lesion or other site} for collection and later cytological analysis, such as shown w Figure

39, as discussed below,

[0164] Lastly 1 Fig. 24, a rack-and-pinion assembly may be provided, as shown at
reference numeral 118 m Fig. 24, This rack-and-pinton mechamsm may be conhigured o move, as a
nnit, & cafriage or sub-stage structure {not shown here) back and forth (distally andier proxuunally)
within and relative to handle 12, Tius internal {to handle 12 of Fig. 1) sub-stmicture may contain as a
wnt, the assembly of components mcluding driving motor assembly 29, as well as gearing assemblies
112, tubular elements 25 and transport element 26 of the mbular coring and transport assembly 11 as
well as the attached cuthing beak assembly 13, and in one emnbodiment, vacuumidebivery cotoponents
113 and 114 and tissue specimen storage magazue element(s) 27. An effect of such movement would
be to shorten or lengthen, such as distances 118a, 117a {not proportional to actual) the axial excursion
of the conng components of biopsy device 10, duning the coring/part-off phases, thus shorterang or
lengthening the core sample obtained, which i twm mav lead to higher comrelation of sequential
samples faken with the wideo wnaging of the procedure as well as the wrtten vecord of sequential
samples taken from the site. This mechaniso may itself aleo be uzed as a simple, repetitive penelration
mode funchion of this device, where the operator desires to penetrate the fissue i either closed or open
beak configuration. with or withowt rotation, and 1n short stages. Such use would allow for slow or
deliberafe, precisely staged tissne peneiration fo a target tissue site, for mstance when the device s
rigidly locked to a steveotactic table. This mechanism may be powered by any means, mehding ot
not limited fo. user controlled elecirical power., mechanical, or manmal {operator power such as a
finger'thumb slide lever). If powered electrically, prevision for selectable excursion may be provided
{mechanism not shown). Alse shown mn Fig. 24 are the telescoping relationships at 119 between
utternal helical coringdransport element 26 and mbular coring and transport assembly 25, as well as

with a section of a storage magarine 27(distal section of storage magazine 27 shid over element 26 and
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entering clemernt 25 vepresented by aren 120} Thix arrangement may be configured to provide a
vacumun-tight connection all along area 120 so that vacuum andfor delivery may be accomplished by

vacuunvdelivery components such ax components 113 and 114

[B105] Figs. 25, 26 and 27 dlusirate stages of continvous movement of the present
bropsy device 10, through stages of a coring biopsy sequence or coning pliase of an entire biopsy
procedure, accordimg to further embodiments.  These confinvons movemends mayv, however, be
mterrupted by an operator such that biopsy device 18 panses it ong stage or another as desired by the
operator. Reasons for interruption may comprise prolonging a closed-beak configuration for puwrposes
of penetration through dithicult tissue, such as may occur iy more fibrous breast tissue 16 andfor target
lesion 15 of Fig. 2, or i3 order to prwsue contimung to collect the sample nwt af a different angle, or to
collect a longer specumen than origmally envisioned af the start of the cvele. Gears and connecting
rods such as 110 and 111 of Fig. 24, 71 of Figwres 7 and § or 130 of Fig. 28 may be configwred to act
sequentially and i continucus and/or merrupied fashion, upon coringftransport tube elements 25 and
transport element 26 {as illustrated m Fig. 16} individually such that axial movements of components
such as 25 and transport element 26 of Fig. 16 will move cuthing beak assembly 13 to open and close at

the right moments to accomplish the varipus coring/part-off and other stages.

o106} Fig. 25 shows one such stage {stage 1), appropriate for closed beak penetration
throngh the tissue of ant organ such as breast fissue 16 on the approach to a target lesion 15, as shown

-

i Fig, 2. Fig. 28, for illustration purposes, splits the gears and connecting rods such as 110 and 111 of
Fig. 24 mto individual components, labeled as 121 and 122 for gears 110 of Fig, 24 and connecting
rods 120 and 123 for connecting rods 111 of Fig. 24 As frther sHlustrated in Fig. 25, connecting rod
120 may be daven by gear 121, Connecting rod 120 may be coupled, such as by a shde/rmg/gear
assembly 117 Fig. 34, to tubular coring and transport assembly 25 of Fig. 24, Element 1232 may be s
gear or dise, for example. In either case, gear 122 may be simular to and may be coupled to genr 121,
such as by a single axle {not shown) coupled to both gear 121 and gear 122, Gear 122 may have a
comnecting rond 123 coupled thersto, which may alse be sumlar o connecting rod 120, However,
connecting rod 123 may be coupled by a shide ring mechamsnt 116 to inner helical tubular element 26
of Fig. 24. For pwposes of ithistration of one embodiment of this device, etther connecting rod 120 or
123 of Figure 25 may be further comnected to rod 130 of Figs 23a, 23b or 28, as suggested by the
extension of a connecting road from gear element 110 (pot labeled) to actuator rod 114 n Figure 24,

which achuates the vacumun aszsembly planger 115, with an extension distally {not izbeled) along the
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outer element 25 of Figure 24 to eventually becone rod 130 of Figure 28 or Figire 35C, or indeed to

actuate the proximal sheath 544 m Figure 368, 1 embodiments of tlus device.

(0167} As noted, gears 121 and 122 mav be solidly coupled together {(as though
superposed one over the other), However, the radial positions along zears 121 snd 122 respectively, of
connectintg rods 120 and 123 may be purposely located differently such that a lead-lag relationship
vesults befween the posthios of cormechng rods 120 and 123 as gears 121 and 122 rotfate i solid
connection with one another. Fig. 25 shows the relationship between connecting rods 120 and 123 that
results in closed beak assembly 13 configuration as a result of the attaclinents of connectg rods 120
and 121 respectively with wbular elements 23 and transport element 236 of Fig. 24, which may be
coupled to cuthng beak assembly 13 such as shown mn Fig. 80 In thag stage, connectmg rod 120
associated with gear 121, lagging belind conmecting rod 133 around gear 122 (assunung cownter-
clockwise rotation of both gears for ilustration purposes), may be placed more distally with respect to
handle 12 and with respect to comuwecting rod 123, This relationship results 1n cutting beak assembly
13 assunung a closed position. The stage shown m Fig. 25 would be usehd for pariing off or severing
of the core sample at is base or at any desired point along the length of the core sample and would also
be a usaful stage, if wmterrupted, for closed beak assembly 13 rotation of mubular coring and transport
asxetnbly 11 and penetration by biopey device 10 thuough breast tissue 16 on the approach to a target
lesiom 15, as shown m Fig. 2.

[6148] Fig. 26 shows a stage (stage 2) that s pext m sequence relative to the stage
show in Fig. 25, Thix stage begins as conpecting rod 123, moving aronnd gear 122, positions itself
more distally with respect to conmecting rod 120, Ths relationship results 1o the cutting beak assembly
13 opening to a wide-open configuration, which may be advaniageous for coning andfor delivery of,
for example, markers or therapeutic agents o the site. Tt should be noted that both conneciing rods 120
and 123 advance distally during this stage. However, since connecting rod 120 lags behind comnecting

rad 123, connecting rod 120 is more proximally placed than conneciing rod 123 throughout this stage.

[0169] Fig. 27 shosws the next stage in sequence {stage 3}, where, as connecting rod 120
reaches s most distal posttion, connecting rod 123 has already moved back proxmwlly on ds joumey
towards its posihion m stage 1. The result of the more proximmal position of connecting rod 123 with
respect to connecting rod 120 results i cutting beak assembdy 13 closing and remaining closed until
connecting rods 120 and 123 change thetr relative posthors with one another as they approach stage ¥

once agam {shown m Fig. 253}, T is wnderstood that the shapes of discs. which may act on connecting
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rads 120 and 123, sttached to gemrs 121 and 122 {gears may be round, however, discs attaching to the
connecting rods 120 and 123 may be of other shapes), may be other than circular, such as elliptically
shaped {not shown)}, so as to vary the tume spent m the various stagex and relationshups between

connecting rods 120 and 123,

[e11a] Fig. 28 shows a side view comprisinig an addittonal rod element(s} 130 designed
to act upon the same binge assembly arealsy 7O {Fig. 7). as acted unpen by the umer helical
cormg/transport element 26 of Fig. 24, according to one embodiment. The rod element 130 niny be
contigured to strengthen {augment} or replace the axial action npen the cutting beak assemibly 13 of the
iner helical cortngftransport element 26 of Fig. 24 or rod 120 of Fig, 25, since the precision available
from a selid rod such as element 130 may be more robust and exact compared with that avatlable with
a helical element such as component 26 of Fig. 24, According to such an embodiment, rod element
130 may be aciuated i a manner and through 4 mechanism that may be similar to that shown acting on
wmer helical coring/ransport elemert 26 of Figo 24, for the purposes of moving the hinge
assembly(ies) 70 of Fig. 7. of cutting beak assembly 13 of the present Fig. 28 Fig. 28 also shwwws by
dotted hines a moxt proximal posttion of a proximal portionn 131 of cutting beak assembly 13 in closed
position. Rod element{s) 130 mav contrel cutting beak assembly axial motions via a sinular shide/ning
afrangement {not shown i Fig. 28} ax shown inside the handle such ax shdefning elements 116 and

117, Fig. 24.

[B111} Fig. 294 i a perspective view showing the same elements, mcluding rod
element 130, as shown m Fig. 28, Also, it 15 to be vpderstood that if these control rods are ountside the
inner helical element, but mside the mbular coring and transport assembly, that the action of rotating
the helical element with tissue shding along the rods, which rotate with the tubular cormng and transport
assembly at a different speed or direction, may assist wn transport of the tissue specimen oblamed. s
also possible, as shown i Fig. 298, if the whular cormng and transport assembly 15 of a different cross
sectional shape than a circle, and for instance is a square or a polygonal shape, that the comrol rods
130 may be confignred fo nest in the mner cormers along the length of the tubular coring and fransport

assernbly.

[B112] For examyple, the tubular corng assembly 25 mav be or comprise portions
having & non-cviindrical shape: namely, for example, triangnlar, rectangular, square, teapezoid or
diamond shaped, swluding ovals, or polvgonal or nregular shapes, either n straight form or with 2

twist along a length thereef, of constamt or changing piich along s length, and of a constant or
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tapering diameter, in either a stiff configuration or Hexible configuration, etther along s length or
locally, along a poriton of the length thersof According to one embodiment, the ouler surface of the

oring and transport assernbly may be configured to hwist along s length, Such a configuration assists
in penetrating difficult tissue, whether such penetration is accomplished with or without sinmltaneous
rodation of the coring and transport assembly 25, Thus ix due to the principle of componnd friction
{with the twisting achon} overcoming simple friction {xumply “puslung” the twbe mio the tissus 1o be

penetrated). Such a configuration alse contains ss own mternal rifling,

{8113} According to one embodiment, one or more surface freatinents may be applied
on the outer surface of the cormg and fransport assembly to aid in tissue penetration, i esther
rotational, partial rotation or non-rotation modes of operation.  According io one embodiment laferal
edges of the fmubular coring assembly structure may be sharpened, for mstance, o 7 depth of several
mucrons for example, fo aid m tissue penetration of the coring and ifransport assemibly.  Such may be
carried out, for example. with a tubular coring assembly having a polygonal shape {shown m Fig,
298}, for example, According to one emhodiment, an exiernal surface of the tubular cormg assembly
may be configured with a screw-hike surface treatment to facilitate progressive penetration when
coupled with rotation in the same direction as the screw-like twist. Additionally and according to one
envodunient, the mbular coring assembly mav be polvzonal in shape and twisted along ix length. In
this emtbodiment, the muner lumen of the tubular coring asssmbly would, therefore be inherently
configured to define an nuternal nfhug struchure, which structure wouldd act w concert with the internal
voiating or differentially rotating transpout helical element{s) to move the severed tissue sample in 8
proximal direction for fransport to and subsequent deposition in a collection magazine. Such a twisted
configuration of the ubular coring assembly may ehimmate the need for huther machining of the nmer
sirface defining the smer humen to achieve a polvgonal rifhng confignrabion. One smbodument
comprising internal polvgonal rifline and external coating or machining of the outer swwface of the
tubular coring assembly may be unplemented using an external twhe with either & round or polygonal
outer surface {this latter erther twisted or non-hwisted along s lengthl, and an mternal polvgonal

rifling,

[0114] Accordmg to & further embodiment, the control rod elements or cables used 1o
actuate the opening and closing of the work element (e g.. the beak assemblyv) mav be mnternal to the
tubular coring sssembly, but external to the mner helical elemem{s_} For example, these rod elements
130 or cables may be disposad, according to one embodunent, within internal “comners™ of the fubular

coritz and transport assentbly 25 when, for example. the wmbular conng and transpogt assentbly 25 has
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a polygonal shape, as shown m Fig. 298, In thix inylementation, the twisting of the tubular coring and
transport assembly 25 (if present) may be very gradual, so as not to inpose too great a stress {friction)
on the rod elements 130 or cables along the length of the mbular coring and transport ﬁSS@ﬂ}hii} 25,
Such a configuration where the rod elements 130 or cables are “sandwiched” between the tubular
coring and iransport assembly 25 and the unernal helical element(x) 28, accordmg fo one embodiment,
functions as an nternal “rifling™ wreatment against which the internal helical element{s} 26 aci to
fransport the bssue specimens proximally to the collection magazine, This or these chanuels,
containing the rod eleinents 26 or cables actuating the beak assembly, mayv be further configured to
ephance specimen fransport by franssitting vacunm along s or their length. An internal helical
element 26 may be very closely opposed to the surface of the mmer hunen of the tubular coring and
transport assembly 25 or may be shghtly undersized with respect thereto, and yel at the same fime,
forced more closely against rod elements 130, which themselves may be slightly oversized such that
therr dismeters extend bevond confines of the channels, thus partially extending cross-section-wise
into the mternal hunen created by the bmer surface of the tubular conng and fransport assembly 235, In

this configuratton. helical element{s} 130 may be configiwed to bear along is/their length agamnst the

inner lmen of the rwbular cm‘mg and transport assemhly‘ 25, In particular, when coupled with vacunm
forces apphed to and along chanmel spaces co-occupied by the rod element(s} 130 andor cable{s}, the
rodi{s} 130 andior cable{s) may function as principle surfaces resisting rotation of tissus sanydes,
conitact with which may be enhanced by vacuuun, which vacuum also acts to further facilitate ransport
1 the proximal direction to collect severed specimen, cells or flmids, In this manner, resistance to
rotation {1.e. effective transport) may be maximized while axial frictional forces resmsting axial
transport associated with less desirable larger nuwwer wall surface (b comparison with the smaller
overall surface area and associated lower axial fiction associated with rod slement{s} 130 andior
cable{s)) may be futher munimized, resulting i more consistently favorable transport forces. The
components of the tuladar coring and fransport assembly 11 (not all of whach are visible wm Figs. 1-2)
also fransfer the core samiple or severed specimen back proxumally along the mfemal length of the
tubular coring and transport assembly 11 to the handle 12 and storage compartment.

[0115] Fig. 30 15 a side view of biopsy device 10, according o one embodiment.

Attention 1z divected fo vacummn augmentation assembly 140 i parallel with conngransport

components 11 of Fig. 1 and Fig. 2 to illustvate that simuliancous movemeant of the vacuumddelivery
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assentbly 140 with these of components 11 1may result in sugimentation of coning and transportation of

biopsy specimens {not shown) mfo and within storage magarine 27.

(8118} Fig. 31 is a fop view, according to embodunents, of the opsy device 10 of Fig.
30 showmg a belt pulley mechamism 141 for detving vacuumddeliverv assembly 140 such that
contiuous cyeling of vacuumdransport components is possible during activation of these components.

Fi

G
LYY

31 slso shows addittonal structures of connection{x) 142 between vacumu/delivery assembly 140

=y -
"

and a storage magazine 27, Storage magazine 27 mayv have an mfernal helical ransport component
{not shown} similar to and extending from the component 26 of Fig. 24 of the tubular coring and
transport assembly 11 of Fig. 2. Storage magazine 27 may also have fenestrations or openings 143
along ifs length, each of ophionally varying andfor progressively varving dimensions for the purposes
of evenly andfor progressively distuibuting vacuum andfor positive pressure for material handling of
fissue specunens (not shown), such as for sequentially collecting andior emptying tissue samples {net
shown), sandior for deliveryi/deposit inside organs such as breast tissue 16 of certmin materials {not
shown) such as marker implants; tracer elements: medications for pre-treatments, intra-procedure
treatments andior post-treatments; and other materials. Fig. 31 also shows a partial segment of an
optional guiding element 144, such as a movable or fixed guiding wire or needle, which may
temmporanily occupy a longitudina] luvmien {such as along the inside of the helical coring‘transport
element 26} 1 device 14, or may be placed adjacent to the central core of biopay device 10 suchas ma
barrel andior loop or series of loops posihioned along a line parallel to the central core of nopsy device
1 {thix position not shown). The guiding clement 144 may comyprise, for example, a laser light
directed along the path of the tubular coring and transport assembly 11 of the biopsy device 10 or other
visual gmding axd, rather than {or in addition to} a solid matenial such as a needle or wwe. If the
tubular conng and fransport element s configured to be bendable, # could follow over such a needle or
wire that may be rigidly cwrved, for example, and prepositioned to follow a prescribed path to the
target fissue. Flement 144 may also be a sanple bollow tube {rather than a needle with a sharp tp),
which tube may be stiff, Hexable, or segmentally flexible such as of plastic material coupled to varving
duvometer plastic matertal or metallic material, may have an a-traumatic tp, and may be placed mio
the lesion prior i mtroduction of the device over this element, or alternatively, it may be placed
through the device at a later stage, for the purpose for example, of enabling continued access 1o the site
upent removal of the biopsy mstrument.  The pwpose of this access could be to deliver medications,
brachytherapy or other myplantable tems (temporary or permanent) at a later timwe or day, with the

advantage that such access could continwe well bevond the time when the more bulky biopsy



WO 2014/193894 PCT/US2014/039676

30

mstrument is removed, Such an slement could be secwred in place for example, under a sterile
dressing for later one time or repeated use. Elemenis 140 and 27 may be removable andior replaceable
as destred. such 3s when storage capacity may be filled to maxumm, or to switch to a delivery

cartridge {not shown) such as shown below {e.g.. canridge 214, Fig. 39},

[6117] Fig. 32 shows a side view of a gear dnive mechanisin 130, according to one
embodiment, for rotating an mdemal helical coring/transport element 26 of Fig. 24 covered by an non-
rofating (for example) outer tube 25, 25b illustrates a protruding key-type element that would serve to
fock the outer tube fo the device housing, i, for example, the outer Wbe happened to have a round
cross-seciton.  As shown, actuating rod{s) 130 {(Fig. 28) may be housed within the twbe 25, which
wonld also be driven forward {distallyv} and back {proxmmally} with coning/fransport element 26 m
order to move cutting beak assembly 13, Actuating rods 130 may also be replaced with a tube, which
has the same huwiction as the rods to actuate the cutting begk assembly 13, Actusting rodis) 130 may
also be placed externally to tube 25, with, for exanple, the besk sssembly 13 in a “mwore than fully
open”™ or over center {1.e., cutting Hips coring a greater diameter of hissue than the outside diameter of
tube 25 with external rod(s) 130) configuration to allow the external rod{s} 130 to rotate with tube 28
without binding on tissue being penetrated axially., An attacliment segment of a lissue storage

magazine 27 {Fig. 31} is also shown,

[B118] Figs. 33, 34 and 35A and Fig. 35B are “down the barrel” perspectives of
elements such as a non- or differentiallyv rotating smer helical element 26 along with owler non- or
differentially rotating tubular coring and transport assembly 235, according to further embodiments.
These figures show varying configirations of rifling iternal treatments 160 (lands, pits, grooves,
raised or recessed features, and the hike) or other phvsical treatments of the swrface of the hunen
defined withun the tubular coring and transport assembly 25, The treatments such ax surface freatments
160 may be configured to create a resistance to the twisting of core tissue specimen{s) such that
retation of either the fubular coring and twansport assembly 25 or the helical elementis} 26 causes the
cored and severed tissue specimenis} to move m an axial divection. Inner treatments 160 as shown
may be configured, according fo one embodiment, as vifling grooves cut into the surface of the wmer
Innen of the wubular coring and transport assembly 25, or may be or comprise structueal ribs placed
avound the wside wall of wbular conng and trensport assembly 23, Additionally, or in place of the
rifling grooves or other features, creating a roughened interior surface withun the mmner surface of the
tubular coring and transport assemably 25 m a geomeinically favorable {continuous or dscontumons)

way, of any another wayv of creating a higher friction nferics surface relative fo an muoer helical
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elentent 26, may result m sinular desired longitudmal movement of tissue specimen(s) such as from
target leston 15, wrging such severed fissue core m the procamal divection within the tubular coring and
fransport assembly 235 Figs, 34 and 35A show other possible nfling treatment 160 configurations of
iternzal wall features of fwbular coring and transport assernbly 25, according to further ernbodiments,
As described, rotation of either element 2% or 26, or differential rotation of these elements, resulfs in
the mwost optinal movement forces, partially depending on hssue charactenistics and other factors. It is
o be understood that the optimnal configurations mayv be determined expermmentally for various types

of materials being transported by these mechamisms,

[6119] According to one embodiment, the outer surface(s) of the whular coring and
transport assembly 25 andfor the beak assembly 26 may be provided with a surface treatment. Such a
surface treatment may comprise, for example, shippery coatings andfor screw-hike spmes. According to
one embodiment, such screw-like spines, which may be sharpened {or simply very thin} may comprise
crunped portions of a fibe o nay comprize an attached structuwre spiraling sround the outer surface(s)
of the tubular cormg and transport assembly 23 to facilitate penetration of the device withmn fissue,
with either mamual or powered rofation.  According to one embodiment, the tubular coring and
transport assembly 25 may be configured to be non-redating. However, it may be advantageous for the
operator to rofate the tubulsr coring and transport assembly 25 duning peneteation, whether through a
manual twisting by an operator or through a slow powered cycling in the mstrument itself,
Advantageously, such structwe and functhonahty may ad i releasing friction anddor tension of

surronnding soft fissue on the approach.

[0126] According to one embodiment shown in Fig, 35B, the surface treatmient of the
outer surface(s) of the mbular coring and fransport assembly 25 may comprise internal chamels 352,
The mternal channels 332 may be formed. for example by crmmping one or more channels from within
the ner humen of the wwbular coring and transport assembly 25, which may be configwred to produce a
corresponding bulge{s) or locally raised structures on the outside surface(s) of the tubular coring and
transport assembly 25, According to one embodiment, such channel(s) 352 may be aligned parallel
with the long axis of the tubular coring and fransport assembly 23, and may comprise rod elements 130
or cables thersin. According o one enbodiment, such channels 352 may be very gradually spiraled
and still contain the rod elements 130 or cables to actuate the beak assembly 26, According to one
embodiment, the chamel{s) 352 may be more steeply spiraled and nwy assist in tiasug penetration

should the operator mnypose even a nuld rotation on the mstrament during penetration withan tissue,
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The channel{s} 352, according to one embodimend, awy transpit vacwwn or pressure all along or

partway along the long axis of the tubular coring and fransport assembly 25,

(0121} The chanpels(s) 3532 may be dimensioned and configiwed according to the
specific task at hand. For exaraple, the channels 352 mwy be configured and dunensioned to at least
partially seat a rod element 130, for example. The chaonels(s) 3532 may be huther configured,
according to one embodiment. to comprise sutficient space to alse pernnt vacunm fransnussion andior
may be tapered o correspond to the Iateral stresses to which the rod elements 130 mav be exposed and
which may optimize vacumm proporiionimg.  Such dimensioning may be carried out to streamline
andior constramn the rod elements 130 or cables. to fransut pressure gradients to aid evacuation of
higmid and free floating cellular components, as well as o sngment fransportation of soff fissue
elements.  According to one embodiment, the channelfs) 332 {which are not hmuted fo the
implementation and configuration shown wm Figs. 358, 35C) may be carefully sized to not quite span
the rod elements 130, and vacunm may be utilized therein to pull tissue against the exposed edges of
the rod elements 130, to thereby facilifate stopping top fissue redation, while minimuzing axzal {long
ax) frichon, thus optimizing long axs ransnusston of soft issue samples andior marker elements m

the reverse directionn. The channels 352 may be further configured to facilitate evacuation of gases,

particulates andior fluids from the leston site.

{8122} Fig. 33C iz a diagram of a tubular coring and transport assembly 25 comprising
a plurahity of channels configured to recerve rod elements theretn, according to one embodiment. As
shows theretn, channels 352 mav be formed within the twbular conng and transport assembly 25 and
each such channel 332 may receive a rod element or cable 130, The rod elements or cables 130 may
be coupled to the work element of the excisional device. The work element, according to one
embodiment. may comprise the beak assembly discussed heremn or any other distal assembly
configured to do usefnd work, According to one embodiment, the helical element 26, disposed within
the wner lumen of the whular conng and transport assembly 25, mav bear sgamst and “ride™ on the
rod elements 130 or may be dimensioned for a looser fit withm the wmner humen.  According to one
entbhodinient, the helical element 26 mav be fixed or rvelatively fixed at one end such that rotation
thereo! compresses its coils and effectively reduces the diameter thereof

[6123] Returming now to Figs. 34 and 3534, shown theremn are possible rifling treatment

160 of mternal wall featwes of tubular cormg and transport assembly 25, according to further

embodiments.  Such rifhing freatment may be of any form, with both stple or complex, mcluding
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comgpound, lands and grooves, either constructed by macluning of the inner swrface of the wbular
element, local deformation thereof, by screw-tapping the mmer lumen or by twisting a polvgon-shaped
fubular cormng and transport assenbly 2% to achieve a polygonal intemnal rifling, or simoply by the use of
an oversize helical element that is twisted into the external tube along #s length, thus serving as an
added ritling structre which may, according to one embodiment, be condignred to rotate together with
the tubular coring and transport assembly 25, According to one embodiument, the rifling treatinent 160
may be configured such that it matches the putch, direction and at least part of the depth of the helical
slement 26 to thereby enable the inner helical element to “nest” into the nflmg and stay n the nithing at
vest and as long as the wmmer helical element and tubvlar element are hunmg at the same rafe and
divectionn. If i such a conhiguration, the helical element and the tubudar cormyg and fransport assembly
are not rofating at the same rafe and divection, the helical element would dislodge or pop out of the
rifling and shde on the surface of the muer hunen or the lands of the nifling, and sutomatically sssume
a smaller coil dimmeter. Such action by the helical element 26 may assist in positively seizing the
tissue that s caphured witlun the helical element 26 to assist 1n transport. T, for mstance, the dirsction
of rotation of the mner helical element 26 were to be opposite to that of the mbular coring and
transpaoat assembly 25, toansportation of the specumen in a proximal direction would continue to scowr
without the helical element 26 popping back mto the rifling treatment by comtimuing to nide on the
rifling lands {(e.g., the surface of the mner lumen of the tubular coring and wransport assembly 25), and
a tight grip on the specimen would be nwmmntained. Also, once the helical element 26 15 of smaller
diameter than that of the ntling groove diameter within the mner lumen of the tubular coring and
irausport assenibly 25, the helical element 26 may be shd distally of proximally while niding on the
rifling lands, This characteristic may be used to good advantage, m that any tssue specinen withun the
helical element 26 may be withdrawsn as the hebical element 26 13 pulled 1o the proximal direction and
removed from the device. The helical clement 26 nmway also be changed nurs-operatively m this
mansier. It is to be nofed that nesting the helical element 26 in the nifling struchue in the surface of the
puwer humen of the coring and fransport assembly resulis in an even greater diameter of nndisturbed
tissue spechnen, as compared with the implementation m whach the hehical element 26 s not nested
within any rifling stchwe therain, as more room 1s made available for the tissue specimen. According
to one embodioent, rotation of either the tubular coring and transport assembly 25 or of the helical
element 26, or differential rotation of these elements, resulfs in forces that tend to unpart a motion on

the severed specimen.
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[o124] Figs, 353D-35G show enthodiments of helical clements and combinations of
more than one helical element. acconding to one smbodiment. As shown m Fig. 35D, the hehcal
element(s) of the excisional device, according to one smbodiment, nwy comprise a first portion 353

comprising coils defining & first pitch and may comprise a second portion 354 comprismg oodls
defining a second portion 354, such that the second pitch ix ditferarnt than the furst piteh. The firg
portion 353 mayv be sharpened at sty distal end fo aid tissue penetration. Likewise, Fig. 35G shows a
helical element comprising first, second and thud porbions 356, 358 and 360 compriamg coils defining,
respectively, first, second and third pitches.  According to one embodiment, providing helical
element{s) defining different coil pitches may assist m fissue specimen handhng and transport within
the mmer hunen and delivery thereof fo the magarme 27, Indeed. severed spectmen nwy be made to
space out within the umer hunen of the tubular cormg and fransport assembly 25 or locally bunch up,
by selection of the coil pitches at different portions of the helical element{s} 26, Figs. 35E and 35F
show embeodiments comprising two helical elements 362, 364 and the manners m whick the two helical
elements may be disposed within the ner lumen, As shown af Fig. 35E, the helical elements 362, 3564
may be co-located such as to form regularlv-spaced open coil mntervals or may be co-located so as to
form wregularly-spaced open coil intervals such as shown m Fig. 35F, depending upon the application,

tvpe of tissue being severed and transported, ste,

[0125] According to a further embodiment, the tubular cormg and fransport assembly
itself may conywise tightly interdigitated helical elements which, if rotated fogether ax a unuary group.,
act as a fube with buili-in iternal nifling, ax shown i Fig. 364 aad 36B. In such embodunents, lands
and grooves are delined on the inner swface of each helical element and on the inner interstitial
borders between any two adipcent coils'hebices, respectively. According {o one embodiment, this type
of tubular coring and fransport assembly may also be provided with a sieface freatment on the exterior
strface thereof, such as shrink wrap, for example. A so-constifuted tubular coripg and transpert
assembly may be, as shown at 36B at 364, somewhat flexible along s axis, as suggested at 362 i Fig,
358, with such flexibihity being a function, among other characteristics, of the selected spring matenial

and the mdividual spring cross-sectional shapes and dianensions.

[o126] Fig. 36C shows vet ancther emobodiment, provided with {an) additional igternal
helix or helices 170 with (a) different pitch angle{s! with respect to & more irternal helical element 26,
Inn this embodiment, helical element{x} 170 may be provided in addition to, or in place of, mternal
surface components andfor smrface treatments such as siwface treatments 160, or others that mayv be

uttegral or solidly attached to conngitransport tube element 25, According to one emboditnent, an
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oversized {e.g.. having a diameter somewhat greater than the diameter of the imer hunen of the wbular
cormg and fransport assembly) helical element may be twisted mto the wmer lumen of the tubular
cortig and fransport assembly.  In this embodiment, during normal operation of the device, the
oversized helical element 26 1z unmobile with respect to the wbular coring and transpornt assembly 25
and rotates therswith as it exerts radially-divected outward pressure on the surface of the nwmer hunen
of the fubular cormg and transport assembly 25, In #lus embodimenst, the oversized helical element
effectively operates as a rifling struchwe within the inner hunen. 1itliming nesting helical elements
rotating at different speeds andior direchions, or keeping one or the other helical element fixed mn
rotation. are exemplary actions that result in longitudingl or sxial movement {e.g., proxumally-directed)
of {e.g.. tiasue} materialy therein such as from target lesion 15, Such different speed andior direction
may also operafe to engender distally-divected movement of materials {solid or semi-solid) toward the
target lesion site. Such matenials mayv comprise therapeutic materials, marking matertals, soalgesic or
antibiotic materials, for example. According to one embodiment, therefore, the excisional device may
comprise a mbular cormg and transport assembly 25 that defines an nner hunen. A first helical
element may be provided withm the inner hunen. A second helical element may then be added 1o the

nternal lnmen intra-operatively, to accomplish different funclions, as desired by the operator.

[3127] As noted above, Fig. 360 illustrates the use of additional helical element or
elements acting m concert or at differential rotational speeds andfor rotational divection. According to
one embodinent one or more of the belical elements mayv comprise sharpened tips or tip edges. whach
may be configiwed to assist in tssue penctratton.  According to one embodiment, the constiuent
helical elements may be confignred such that, upon being rotated at different speeds andfor in opposite
directions relative to one another, the belical elements operate to part off {1.e., sever from surrounding
tissue) a tissue specimen for transport. Indeed, according to one embodunent. the distal tip of one or
more of the hebical clements 26, 170 may be configured to cross the axial center line such that, npon
rotation, the helical element’s sharpened distal fip severs the tissue engaged within the helical element
from surrounding tissue. One or more of snch hehceal elements may be coupled to the distal beak
assembly. According to this embodiment, however, the parting off of the tissue specimen need not

rely upon any beak assembly altogether,

[6128] According to one embodiment, a plurality of helical elements may be provided
within the iner humen of the twbular coring and transport asserobly, as alse shown in Figo 38,
According to one embodiment, such plurality of helical elements may have the same diameter and

piteh, thus creating a sohd tube configuration, such as already discussed under Figs, 36A and 36B,
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comapriving more of less tightly imterdigitated coils, which effectively look and act as though they
constituted a sohid tube. Such a sohd fube of mierdigitated coils of helical elements would mamtau its
struchwal integrity as a solud tube muntil one or more of the constituent helical slements were
differsatially rotated {or renvdered smmeobile) from the remasimng ones of the phuality of helical
elements. Such an embodiment may shiounste the need for internal rifling trestment of the inner
lamen of the tubular corng and transport assembly 25, since axial movement {i.e., iransport) of fissue
spechnens mwy be achieved by virtue of the relative movement of the differenst bebical elements acting

against each other,

[6129] Significantly, the coring and transport mechamisms and methods described and
shown herein are configiwed to apply traction while cormg.  That is, coring, cutting, parhing-off,
traction and fransport are, according to one embodiment, carried out simultaneously. In so domng, as
traction is applied during a cutting event, the cutting event is not only rendered more efficient, but may
be the only way fo successfully cut cenain tissue types. This fraction. according fo one embodinent, is
faciliated by the continuous interaction of the helical element{s} and the subnlar coring and transport
assembdy, which together provide gentle contimuous traction beguuming mmediately upon the fissue
entering the lumen of the twbular coring and transport assembly and contiming during part-off of the
fissue specunen. According to one embodiment, the ratio betwean the twisting and pulling actions may
be carefully controlled by, for example, contral of rotation versus crank speed, or other axial control
mechamisn.  According to one embodiment, when the beak assembly 15 open wider than the mmer
lomen of the tubular coring and twensport assembly, fasue i drawn in by at least the surlace
freataent(s}, channels, and helical elements past the sharp beak assembly and into the mterior hnmen of
the fubular coning and transport assembly. This may be, according to one embodiment, augmented with
vacunm. However, it 18 to be noted that the transport mechanisms and fimctionality descenibed herein is
more effective than vacwmun alone, as vacwmun predontnantly acts locally at the proxunal swrface of 5
specimen. Indeed, the transport mechanisms described and shown herein {e.g., surface freatients,
rifling, vacwmun slots, hebical element{s}, control rods andior cables, and the selective rotation of these)
may be configured to act along the entire length of the sidewalls of the tissue specunen, which may be
essential for cemain tissue types. Vacuvm, accordmig fo one smbodiment, may well sugment such
traction and fransport but peed not be the primary modality be which tissue specimen are drawn
proximally or materials are pushed distally to the target lesion site. According to one embodiment,

vacuum may be primaridy used for extracting cells, body fluids and flush fhuads, and to prevent the
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madvertent injection of vutside air. which can obscure the nlirasound inmage or transfer other nowanted

elements o the body,

[B138] Figs. 37A, 37B and 37C show tlwee views of biopsy device 10, the fop and
botton of which are side views and the center view thersof being a plan view, from the top looking
down, ithastrating further aspects of embodiments. In this illustration, an internal carniage structure
180 15 shown with camted components, wmclnding: tubular cormyg and fransport assembly 11; cuthing
beak assembly 13 along with but not hnwted to, all needed andior added elements for actuation, coring,
fransport and storage’delivery that may be movable with respect to handle 12 and its fixed acthivation
switches {not showa); and power supply and winng atfachments {not shown) to same. In this
embodiment. vacunrdelivery assemblies 140 may be fixed. rather than moved by camrage 180, One
of the mechanisms for moving carmage 180 is a manual shide lever element 181 that may be used by an
operator to move the carriage strocture 180 manually during cormg such that erther s longer or shorter
core specimien lengths 182, 183 may be retvieved as desired, or 0 prevent undesired penetration by
coriing elements of the present biopsy device mto adjacent vulnerable structures, such as major blood
vesaels or other nearby organs. Alternatively, actuation of carriage 180 may be carried out via 2 modor,
of via mechanically driven mechanisns such as & rack-and-pinion mechamism {not shown), for
nwovement of carttage 180, ncluding the excursion and duection of carmiage 180, These nwrenents
may easily be made operator pre-selectable, or selected 1 real-time {1.2., during the coring stage itselt),
as desired.  Alernatively, other mechamcal amrangerents that do not mclude shdmg cammages to
actuate axial movenient of the distal end of the device may be envisioned, according to enmbodiments,

as outhined wnder Fig. 24,

[B131} Figs. 3BA, 38B and 38C show a side and fop view of biopsy device 10,
according to one embodiment, including a carmage inclusive of an alternahive carnage 190, which m
this case miay comprize vacuunvdelivery assembly 140, 141 in ifs framse, such that movement of

carrtage 190 would likewise alter thewr axially-directed excursions.

[6132] Fig. 39 15 a side view of a biopsy device 18, accordmg fo embuodiments,
provided with and coupled to a collection receptacle 210 with its seal cap 211 m place and connection
fube 212 unattacked. Ceollection tube 212 may comprise a one-wayv valve 213 i place, and other
structures designed to deliver higuids collected from the biopsy site into collection receptacie 210
without pernuthing fuids to be aspirated by vacuum/delivery assembly 140 by replacing filter valve

216 In this embodunent, storage magazine 27 {shown m Fig. 31} has been replaced by debivery
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cartridge 214 such that vecmuwmidelivery assembly 140 may be positioned to deliver contents of
cartridge 214, which may be pre-packaged within cartnidge 214, A connection tube 215 may be
provided connected between vacuunvdelivery assembly 140 and delwvery castridge 214, and thus
connection tube is depicted with & one-way filter-valve 216, acting as a delivery port o the devics for
addition of materials desired to be injected to the trasversed tissue or in the biopsy site, opposite W
functional direction compared with one-way valve 213, alse, such that for example, ambient air
{optionally filtered} may be drawn i by vacwman/'delivery assembly 148 to enable it to deltver contents
of delivery cartrzdge 214 to coring and transport assembly 11 for deposition into the biopsy cavity {not

shows}, or into the fissues near to the area of the biopsy.

[6133] Fig. 40 18 a side view of biopsy device 18, accordmg fo another embodiment.
which may comprise a delivery syringe 220 connected fo the biopsy device 10, such that upon
depression of plunger 221 intoe delivery syrimge 220, ifs contents may be debivered o conmg and
tragzsport assemably 11 for delivery and deposition into or near the biopsy cavity, or. if pre-biopsy, o
the fissues near the targe! lesion. In this illustration, reversal of the divection of rdation of tubular
cormg and transport assembly 11, would result in debivery distally {owt the end of) out of the device
mto the tiseue debivery site within for example the lesion or nearby breast fissuesx, The comfents of
delivery syringe 220 may cotnprise a vanety of matenials, including: pre-treatment medications, agents
or other deliverables, wlich may be solud, senu-solid, hquid andior gaseous m nature, radioactive,
andior combmations of these, mmplandable slements which mayv be mert for purposes of cosmetic
ephancement; and marking materials for reference and other parposes. Not all of these types of
glements are shown, however, solid or spongy. compressible-type pellets 222 with internal marker

elements represented by 223 are depicted pictorially m Fig. 40,

[B134] The following describes aspecis of the present hiopsy methods, according to
enbodiments. In particular, described hervennder is the manner m which the closed and open beak
assenibly configurations and stages may be used for specific purposes, enabled by the present biopsy
device’s design, functionahity and features. As described herein. the hiopsy device 10 may be used m
either or both the open andi/or closed heak configurations at various tunes during the biopsy procedure
for purposes of tracking or advancing the tip of the hiopsy device 18 to a target lesion witlun the
patiznt’s tasue, as well as for coning and part-off fonctions. There are specific clinueal situations
where it may be deswable lo penecirate the tissune leading to a target i closed besk assembly
configuration as shown i Fig. 7 and 23b, ur 0 open beak assembly configuration as shown inn Figs. ©

and 23b. A clinical example of the use of the closed bealk assembly configurations of Figs, 9 and 23b



WO 2014/193894 PCT/US2014/039676

39

may comprise gently approaching target lesion 15 so that vlrasound guidance distwrhance may be
munnured. Note that in the closed beak configurahion, no biopsy core may he generateil or cut along
the access path to the target lesionn 15, A clisncal need may be met in another situation whereby the
target lesion may be approached @ the open beak configuwations of Figs. 9 and 23, The open beak
configuration enables operator of biopsy device 10 to remove, for example, a core of densely fibrous
tissue to permil easy passage and mimimal tawma for subsequent maneuvers of thix device after an
nterruption or halt to the procedure {re-msertion, for example}, or for passage of related catheters,
devices and the like to and through the path created to the target argafs). The methods involved n
ahibzing these two distinetly different configirations are enabled by the designs of the rotating, cutting
beak assembly 13 themselves, as well as by the abiltty of the biopsy device 10 to halt or ivterrupt
stages prior to moving onward to a subsequent stage. In addition, embodiments enable de-couphing of
rotation of closed beaks with progression fo next stagels). This feshwe enables continuous transport
{while operating in “mterrupted” stage configuration}, as well as continuous cormg/transport, houted
only by the length of assembly 11 combined with the length of storage magarzine element, such that
cores as long as several inches or more may be refrieved, where clinically useful. A chmcal situation
where this may be desiwable may comprise following a particular structure within the tissue, such as

along the pathwayv of a diseased milk duct {not shown) in breast tissue, for example.

[3135] The present biopsy toethod. according o one smbuxdiment, may unage wrgan
{such as breast) tissue and may identify the target leston. The skin surface may be cleaned using known
sterile technigues. The patient mway then be draped, and (e.g.. local) anesthetics may be adnunistered
as peeded. Thereafter, the present hiopsy device may be wntroduced through a small incwsion {e.g., a
skin nick}, The present biopsy device may then be placed in a penetration mode, with the distal beak
13 bemng either it the closed or open besk confijmwation. If the present biopsy device 18 caused to
assumie the closed beak configuration (rotation ondy stage at any desived speed, including zero), the
distal beak 13 mav then be advanced through the fissue, saiming wowards the farget lesion, stopping pust
short of the nearest edge of the target lesion {e.g.. 2-4 nun). The present biopsy device may be cansed
to assnme a closed or open-heak configuration at any tune prior to the part-off stage. The operator
may then continue advancing the present biopsy device as desired to continuously core. stanting and
stopping corig activity {rotation/transport) to redirect #ip, andior continue coring activity while
rediecting tip. The coring may contfinue to create g specimen as long as desired. The part-off stage

may then be carried out, and the coring/transport part-off cycle may be completed.
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[o136] The remainder of the entire hiopsy ovcle may be carried out as described above,

keeping m mund that the present biopsy device mayv he caused to asswme the open and closed beak
configurations at any fune. The above-described configurations/miodes may be mtermupted or
maintained as often andfor as long as desired. For example, such modes may be employed as needed
to Iollow {open beak conngffransport mede} a pathway of aboosmal tiasue growth, such as may be
found along a duct in tissue m breast for exangde. The obtammed mformation 1oay be used m open beak
configuration as a means to further correlate {and document such corvelation) that specific core
samples analvzed by histepathological exam are matched to specific mpaged abnormadities within
target sreas). wtilizing the automatic recording and preservation capabilify mberent m the storage

magazine design and mnfended use thereof,

{0137} Described hereunder are methods of utihzmg an embodiment of the present
biopsy device's cariage movement funciionality and struchwes.  The camiage structures and
functionality i certain emmbodiments, whether manually actuated or powered aund whether used “on the
fiy™ during the coring stage or pre-set, may be utilized to prevent wrwanted distal penetration of the
preset biopsy device mto nearby vilnerable structures. Embodiments of the present biopsy device
fulfill another significant clinical need by utilizing, separately or in combination, the record keeping
capability inherent i the structure of storage magazine 27 {see Fig. 3} and the structure and
funchionality of the carriage movement{s} to unigquely further characterize collected cores of, m thus
case, varving lengths, each of wiich may be unique fo that specific core sample. This feature andior
combination of feetures enablefs} an operator of the present device to “mark™ special areas of interest
for the histopathologist.  This marking can also accomplished by the present biopsy device, for
exampde, by the uyection of marker elements such as dves, ntibizing additional marking cartridges at

any fime or tunes during the procedure.

[6138] As an addifional example. according to one embodiment, a hiopsy method may
comprize imaging the organ (such as the breast) tissue and wlentifving the target lesion. The surtace of
the skin may be cleaned, using known sterile techmiques. 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 hiopsy may
then be imfroduced through & small incision {e.g. skin mick) The penstration mode may then be
activated, in either a closed or open beak confignration. If the closed beak configuration (votation ounly
stage} 15 emploved, the disial tip beak 13 mmay then be advanced, aiming towards target lesion and
stopping just short of the nearest edge of the farget lesion {eg. 2 - 4 mun}. The open beak stage mav

be mitinted at any time and mterrupted prior fo part-off stage. The present biopsy device toay be
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further advanced ax desired to contumwously core, stamting and  stopping  corng  activity
{rotation/transport} to redirect the distal beak 13, and'or continue coring activity while redirecting the
distal beak 13, The coring miay be contmued to create as long a specimen as desired. The part-off
stage may then be enabled and the coring'transport /pan-off cycle may be completed. During the
biopsy stage, carriage movements may be utilized ax desired to safely limast {e.g.. shorten or lengthen)
the excursion to prevent unwanted entry of pstmument tip mnfo nearby organs andfor tissues, andior m
order to remwove longer core specumenys} fo obfain more abnormal tissue, andior for mclusion of
glements of nornwl Hsswe onr near or far edges of the targel lesion. In either or both cases
{longer/shorter specimen cores), the mnformation obtamed while carrving out carriage movements sy
be wtihzed to farther characterize {and document such characterization} the tissue collected at nmmque
lengths, thereby enabling histopathological analysis of each specimen to be positively correlated with
spectfic imaged areas within the target lesion, whilizing the avtomstic recording and preservation

capability inherent i the storage magazine design and mtended use.

[B139] Further aspects of the use of the storage magazine 27 {shown m Fig. 3} are now
described, such that various clinical needs mav be fulfilled by pernutting the operator of the present
biopsy device to mspect the core sanples more closely, and i some cases tactilely, without destroyving
the record keeping function of storage magazine 27, Fig. 3. Additional nethod of ex-vive imaging are
also described. as are the samples m the order i which they were received and stored within
storagefrecord keeping storage magarine 27, accordmg to still further embeodiments. Smce storage
magazines, according to embodinents, may be configured to ke removable andior replaceabls at any
time(s) during the procedure, the present biopsy device enables a vanety of procedural methods to
ensue which would not be posaible, or at least would be mapractical, without the structures disclosed
herein. For example, usimg the present biopsy device, a clhucian may segregate the contents of one
storage magazine from the contents of another, additional storage magazine. The operator of the
present biopsy device may also have the ability to intermupt cormgdransportistorage with another
function of biopsy device, all the while, at operator’s discretion, keeping the present biopsy device’s
shaft cormng and transport assembly 11 in place. thus mimimizing travma associated with repeated

removal and msertion of these elements of the present biopsy device.

[6148] Indesd, according to one embodiment. a tissue biopsy method may comprise
perfornung coring/biopsy transport cyeles as dexcribed above., Thereafter, removmg the storage
magazine andior proceeding o marking andfer treatment phases may complete the procedure. The

storage magaring may then be removed and, if desived. placed uwnder X-Rav, magnetic resonance
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mnagig andior ultrasound transducer or high-resolution digital canera if the storage magazine is nade
of a transparent material. The core tissue specimens may then be imagedirecorded. The magazine
may then be placed in a delivery recepiacle, sealed and delivered to a lab for further analysis, meking
note of core lengths and correlating with imaging record(s) in-situ and ex-vivoe. Upon removal of
storage magazine from the present biopsy device, the collected cores may then be visunally inspected
through the iransparent walls of the megazine. The magazine nwy then be split open to factilely
analyze the tissue specumens as desired. The nmwgarzine may then be closed agam, with the specimen

therein. The magazine may then be depostted 1o a fransport recepiacle, sealed and delivered to 2 Iab.

[o141] The storage magazine may then be replaced with additional cmpty storage
magazinel{s) as needed to complele the nopsy procedure. Alematively, other carfridges / magazmes
may be fitted to the present hopsy device to dehiver medications. markers andior tracer elements,
therapeutic agents, or therapeutic andfor cosmetic inplants to the biopsy site. The procedure may then
be ternunated or continued. such as would be the case shounld the practiticner desive to biopsy feore

other nearby areas as deemed cliucally nseful.

[6142] The present biopsy device may be formed of or comprise one or more
biocompatible naterials such as, for examypde, sininless steel or other iocompatible alloys, and mayv be
made of, comprise or be coated with polymers andfor biopolymer miaterials as needed to optimize
function{s}. For exangde, the cuiting elements {such as the constifvent elements of the beak assembly
13) may comprise or be made of hardened alloys and may be addiionally coated with a shippery
material or maferials to thereby optimize passage through living tissues of a variety of counsistencies
and fictions. Some of the components may be puaposely surface-ireated differentially with respect to
adjacent components, as detailed herem m reference to the iransporting tubular and storage
components. The various gears may be made of any suttable, commercially available materials such as
avions, polymers such as moldable plastics. and others. If uwsed, the molor powening the various
powered functions of the present biopsy device may be a conumercially available electric DO motor.
The handle of the present biopsy device may likewise be made of or comprise inexpensive, mjection-
molded plastic or other suitable nigd, easily hand held strong and hght-weight matenial. The handle
may be configured in such & way as to maske it easily adaptable to one of any number of existing
suiding platforins, such as stereotactic fable stages. The materials used in the present biopsy device
may also be carefully selected from a Ferro-magnetic standpoint, such that the present biopsy device
maintams compatibibity with magnetic resonance snaging (MR equupment that is conmunordy used for

biopsy procedures. The vactuwmddelivery assernbly components mayv comprise conunercially available
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syringes and tubing for connecting to the present biopsy devicg, along with readily available reed
valves for swiiching bebyeen suction and emptyving of materials such as fhuds which may be suctioned
by the vacuwun components. The fluids collected by the embodiments of the present biopsy device i
this manner may then be ejected into an additional external, vet portable, Ligmid storage vessel
contiectad to the fubing of the present Mopsy device, for discarding or for safe keeping for Iaboratory

cellular analysis.

8143} The power source may comprise an external commercially available AC 10 DC
transtformer approved for medical deviee wse and phigged into the provided secket in the present
biopsy device, or may conprise an enclosed battery of any suitable and commnercially available power
source. The battery may be of the one-time use disposable {and optionally recyclablel variety, or may

be of the rechargeable vanety.

[0144] The cutting beak assembly of enbodiments of the biopsy devices may be usad,
without alteration of their shape, attachment or any other modification, to penefrate tissue on approach
o a target lesion. The cuthing beak assembly may then be used o openr and core the tissue specimen,
and to thereafter part-off the specunen af the end of the coning stage. The beak assembly nmiay alzo be
used to help angment transpost of the collected specimen. Having such multiple functions integrated
a single device saves valuable cross-sectional area, which in hum creates a device that has a nursmal
outer diameter while providing the maxinum diameter core sample, Maxinizing the diameter of the
core sample is beheved fo be significant from a clinical standpoint. since # has been demonstrated wm
maltiple peer-reviewed jowmnals that larger diameter core specimens vield more accurate diagnoses.
The clinical desire for large diameter core samples, however, nwst be halanced agminst the frauma
assoctated with larger caliber devices. Embodiments eptinnize the ratio so that the chunician can have
the best of both worlds.  Advantageously, according to one embodiment, the internal helical transport
system may be configured to augment the coring function of the forward cutting beaks, The helical
transport coring olenments may be configured to apply gentle, predictable traction on the coved
specinen, during and after coring, which permits pairing the ideal speed of longitudinal excursion of
the coring elements of the present biopxy device wah the ideal speed of rotational movement of the
same elements. In this manner, the architecture of the collected specimien is less hikely to be disrupted
during transport. I has been shown i peer-reviewed sciestific articlex that preserving fissue
archiiecture {1.e., preserving the archifectire of the fissue as i was in 1o} fo the extent possible leads
o an easter and more accurate diagnosis. The present vacuunyvdebivery mechanism may be configired

io enable the force of vacuum 1o be exerted directly to the conng transport components, such that
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non-significantly dimension-increasing components such as progressively sized fenestration feahures
within collection magarine aveas. If the present biopsy device were fur rely solely onn vacuum for tissue
fransport, then wvacuum arfifact, which 18 a known and desonbed phenomenon associated with
conventional biopsy devices, might be present fo a greater degree thaw is presert Gf at 2l wm
embodiments described herein. On the ather hand, were embodiments of the present hiopsy device to
rely solely on a phvsical pushung or pulling mechanism te refrieve cut specimen samples, crush artifact
nught be more prominent than is otherwise present when entbodunents of the present Mopsy device

snd methods are used.

[B145] Twming now to vet further structures of embodiments, the cariage element
provides struchure withmn the handle of the present biopsy device for locating the various mternal drive
components, and gives the operator the shility to move this carriage with ifs components as a uait,
enabling the operator to advantageonsiy vary the core length in real tune, (i.e., during the procedure},
with a mechanical armangement coupled to the present hiopsy device that mav be selected to be
powered manually or by an witernal or external motor. The presence of a cu-off switch enables the
operator o selectively choose & continuous operation function, which permits rapid vet controllable
repeatable biopsy oveles. By enabling such 3 functional option, procedure times can be munimized,
which may be & potential advantage xince fissue noages may become more obscure with mersasing

procedure times as fhuds accunmilate at the site.

[6146] Embodiments are highly portable and require minumal supporting equipment,
especially in battery-operated or mechanicallv-powered embodiments.  For mechanically-powerad
embodiments, one or more “wind-up™ springs may provide the mechanical power required by the
present biopsy device, Advantageousiv, such embodiments may find widespread acceptance and use
throughout the world, particularly in the more economically-disadvantaged areas where access o
disposzable batteries may be difficult, or where misins power may be unrehable. Many conventional
devices designed for the purpose of tissue biopsy need, by their design limmtations, far more external
supporting  mechamisnis, such as exiernal dnve systems, external flud management and tissue
management systenss, as well as separate power and delivery systenss, all of wluch mwy be built

features of the smboditpents itllnstrated and described herein,

[6147} The wnternal swaface freatments of an outer tube and 3 hollow, helical inner

component, when acting i concert, move materials in a vanetly of phase states along longimdmally
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without the need for complex components that would otherwise contribute subsiantially to the outer
caliber dimensions of the present hiopsy device. Bmbodiments comyprise a hollow helical transport
mechanism that may be both strong and flexable, which confinues to function even when distorted by
bending. Conventional biopsy devices tvpically cease to function properly if distorted even sliglnly,
As such, the presemt biopsy device may be confignired to define a curve along its longitudinal axix and

wonld still function properly. with nuumal modifications.

0148} Advantageously, a biopsy and coring device, according to embodiments,
comprises featwres configured to perform medical core biopsy procedures or for harvesting fissue for
other uses. These features comprise simchwes configured for penetration, coring, part-off, transport
and storage of core specimens for medical purposes such as diagnosis and treatment of a variety of
diseases and abnormalities. Integral and detachable components may be provided and configured to
aspirate fluds for cellular analysis as well as deliver agents at various selectable stages of the
procedure, The present biopsy device may bie selectable for antomatic andfor semi-mutomatic function,
may be used with or without umage gnidance, and may he compatible with a vanety of guidance
mnaging eguipment such as ulirasmmd, magnetic resonance imaging and X-ray npaging. The present
biopsy device may be configured 1o be disposable andior recyclable, highly portable, and delivered for
use i stertle packaging, typical of medical devices having contact with uiternal body structures. The
present biopsy device may be configured to be minimelly mvasive; may be configured to collect
maxinmm diameter tissiie specunen cores in operator selectable lengths as gently as posaible s0 as to
preserve gross anatornic, cellnlar and sub-cellular architectures, thereby maintaining the integrity of the
overall structures and makeup of the samples themselves as well as their relationshups with comypeised
normal adiacent segments of hiesue in the core samples so that fransition areas can also be mwed for
analysis: and may be conhgured to deliver the samnples reliably o a storage receptacle for sequential
recording and easy retrreval therefromn, so that the biopsy specimens can be analvzed as acovrately and
eastly as possible. Ax embodied herein, the present biopsy device comprises several feanwes that may

be therapeutic inn nahwe. to be utilized at varions stages along the diagnosisfreatment pathway.

[0149] Fig. 41 shows a portion of a work element comprising articulable beaks
according to cne embodiment. Indesd, Fig. 41 shows one emnbodiment comprising a first articulable
beak 410 and a second articulable beak 412, The fust articulable beak 410 mwy be coupled to or
comprize a first handle 411 and the second articulable beak 412 nwy be coupled fo or comprise a
second handle 413, The hirst and second handles 411 and 413 may be coupled to one another at a pivot

point 414, In this meuoner, actuation {e. g.. opening and closung} of the first and second articulable
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beaks 410, 412 may be camied out by acting upon first and second handies 411, 413, For example,
exeriing a proxumallv-directed force on the frst and second handles 41¥, 413 andior a force
perpendicular thereto will canse the first and second articulable beaks 410, 412 to pvot about pivot
point 414 and assunwe a closed configuration. Similarly, forces exerted in the opposite directions will
canse the first add second articulable beaks 410, 412 to assime an open configuration. ax shown in Fig
41, Further, if handlex 411 and 413 are actuated, for example, by the completed end of a helhical
element, such as that shown by element 353 of Fig. 35D where the fmal turn of the belix describes a
full, flat cwele, which exerts axial force for instauce between elements 411 and 412 wm a distal
direction. handles 411 and 413 act ke spring elements as they tend fo expand circnmferentially,

allowing the beaks 1o assume or resume an open posifion af rest.

[0156] Fig. 42 shows a portion of a work element comprising a proximal porfum and
articulable beaks coupled theveto by 8 Iiving hinge, according fo one embodunent. The work element
may be configured to fit witlun an outer sheath and may define a proxinal portion {not shown in Fig,
42, a distal porticn 438 and a body portion 428 between the proximal and distal portions. As shown
m Fig. 42, the distal portionn 430 may comprise at least a first articulable beak 422 that may be
configured to cut tissue and that may be coupled to the body portion 42¥ by & first iving hunge 424,
According to ong embodiment, the distal portion 4380 may comprise a second articulable beak 420 that
may also be condigured fo cut tissue mwd that mav be coupled to the body purtion 428 by a second

hvig longe 426,

[6151] According to one embodument, the Mving hinges 424, 426 may be formed of the
same material as is the work element. That is, the hving linges 424, 426 may be formed of the same
material {e.g., stamnless steel) as the first and second arficudable beaks 422, 420 and the same matenial
as the body portion 428 and the proximal portion of the work element. The proximal pootion, the body
portion 428, the hving hinges 424, 426 and the first and second articulable beaks 422, 420 may be
formied of & same homogeneous nwetenial, without breaks, For example, the work element may be
formed by selectively taking material away from a hypo tibe, leaving behind the struchires of Fig 42
as well ax the proximal portion of the work element not showsn i this view. The lving hunges 424,
426, according to one embodiment, may be formed through local deformation of the hinge area,
thereby rendering the thus-formed living lunges comparatively more flexible than either the first and

second articulable beaks 422, 428 or the bedy porhion 428, The hving hinges may alse have slots or
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to the more rigid adjacent structures and materials. The actustion mechanism for the articulable beaks

422, 420 1s not shown i Fig. 42, for clanty of illustration.

(0152} Fig. 43 shows a portion of a work element comprising a proxumal portion and an
articulable beak coupled thereto by a living hinge, according to one embodiment, Indeed, Fig 43
shows an arficulable beak 432 coupled to a body portion 434 by a living binge 433, Of note in Fig. 43
ix that the hving lunge 433 comprises a locally-deformed portion that facihitates the articulation of the
beak 432, as shown at 436, Moreover, as the living lnge only spans a portion of the wadih of the
articulable beak 432, it 13 more flexible than 1t otherwise would be hiad it spaoned the entire width
thereof. In tumn, less force s required fo overcome the stiffness of the hiving hunge 433 and actuate the
articulable beak 432, As shown in Fig 43, a first slof 438 may be dehined 1n the work element and
more particularty m the first articulable beak 432 and/or second articulable beak (not shovwn in Fig.
433}, The first slot 438, as shown in Fig. 43, may extend parallel to s longitudinal axis 445 of the work
clement from a distal region of the body portion to a distance within the first articulable beak 432, As
also shown m Fig. 43, a second slot 440 may also be defined in the work element, the second slot 440
bemg, i one embodiment, parallel to and spaced a distance apart from the first slot 438, The living
hinge 433, according fo one embodinent, may be defined berween the first and second slots or notches
438, 440, Such first and zecond slotx 438, 444 alse provide mwre flexibility to the hving hinge 433 and
enabde actuation of the articulable beak{s) with a lesser amount of force than would otherwise be

needed inn their absence.

[6153] According ¥to one embodonent and as descnibed herein, the work element,
inchiding the articulable beak{s} mav be configawred for rofaticn within an outer non- or differentialby-
rofating owter sheathis). Moreover, the arbiculable beak{s), according to one embodunent, may
comprise a surface 444 having substantially the same curvatire as the body portion. Accordmg to one
entbodiment, the articunlable beak(s} mav be generally described as bemg or comprising one or more
hivperbolic segments of one or more sections of a bollow cone or cvlinder, such as a hvpo wbe.
Variattons mchiding complex curves may be incorporated into the shape of the articulable beak{s}, to
optinuze funchion in differsnt sections of the edges of the articulabde beaks. Moreover, the first and
second artivulable beaks may have slightly ditferent shapes from one another. The angle formed by
the distal portion of the fust and second articulable beaks sy be, for example, from about 5 to 30
degrees. According to one embodiment, the angle may be between about 10 and 30 degrees
According to anuther embodunent, the angle formed by the distal portion of the first and second

articulable beaks mey be about 18 degrees.
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[0154] Fig. 44 sheows a portion of a work element comprising a proximal portion and an
articulable beak coupled thereto by a meshed hiving hinge, according to one embodiment. As shown
therein, the first articulable beak 441 may be coupled o the body portion 448 by & first meshed biving
hinge 444 and the second articulable beak 442 may be conplad 1o the body portion 448 by a second
hving hinge 446, The mesh of the hiving hinges 444, 446 may be formed of, fr example, stainless
steel. The bving {or at least flexible}) mesh 444, 446 mav be coupled to the body portion by, for
exampde, a spot welding technwge.  Adhesives may also be used. The meshed Byving hinges 444, 446
ney be sowrced from. for example, TWP Inc., of Berkeley, CA and as shown st twpine.com.
According to one unplementation, the hving buge 444 446 may comprise 635 meshes per nwh with a
wire diameter of G.0008 m. For example, TWP part mumbers 835X835TO00EWHOT,
400XAG0S0010WART or 325X 23G0TLO0I4WART may be used fo form the hving hinges 444, 445,
Such meshed living binges mayv also be constructed from the same hypo tube as elements 441, 442 and
448 by laser cutting a mesh pattern w the hypo tube. thereby chimmating the aeed for attachment by

techniques such as spof welding,

[B155] With reference to Figs. 4534, 458 and 46, the work element, acrording to one
embodiment, may comprise a first articulable beak 432 and a second articulable beak 454, The first
articulable beak 452 may comprise a first distal beak portion 453 gpaced away from the first bving
hinge 438, The first distal beak portion 433, according o one embodiment, may be configured fo be
drawn closer te the longitudinal axs 460 of the work slenent when s proxunally-directed force 462 1
apphied to the distal portion and to be pulled away from the longtudinal axiz 460 when a distally-
directed force 464 15 applied 1o the distal portion. Simlar structure and functionality may be described
relative 1o the second articulable beak 454, Such actions and forces are further described m

embodimnents below.

[o156] As shown m Figs. 4534 and 45B, and as best shown in Fig. 46, the first and
second articulable beaks may comprise one or more slots 461 thevein fo form the hving hinge 458,
Additionally. wedge-shaped (for example} cutouts 466, which may be left joined at the base of the
wedge adjacent to slots 461, may be provided to define the articulable beaks, imgwrove the articulation
thereo! and to provide for a greater range of motion. Fach of the first and second articulable beaks
4532, 434 may define a first tendon 468 coupled to one side of the articulable beak and a second tendon
470 coupled to the other side of the first articulable beak., Altematively, a single tendon mayv be
definned or nmbtiple tendons may be defined. Additionally, these tendons may be defined at different

relative angles to each other to mnpose an uneqgual or ssymmetrical force t the sides of the distal end
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of the articulable beak 452, in one smbodiment. These first and second tendons 468, 470 may be
configured to selectively apply the proximally-directed force 462 and the distally-directed force 484 to
the distal portion 453 to cause the first and second articulable beaks 452, 454 o assume the closed and
open configurations, respectively. Indeed, pulling on the first and second tendons 468, 470 by a
proximal force acting on 469 tends to close the first and second articulable beaks 452, 434 (3.2, draw
their respective distal fips closer to the longindinal axis 460 and closer to one another} and pushing on
the first and second tendons 468, 470 tends to open the first and secend articulable beaks 452, 454 (1.2,

draw their respective distal tips away from the longitndinal axis 460 and away from one another}.

[6157] As shown, the fivst and second tendons 468, 478 of each of the first and second
articulable beaks 452, 434 mav be coupled or formed fogether with first and second beak actuating
elements 489 of the work element {only one such element being visible in Fig. 46}, and formed
together with first helical element 465, In the embodiment shown in Figs, 454, 458 and 46, exerting a
proxmmally-directed foree 462 on the beak sctuating elements 409 of the work elememt will close the
articulable beaks 452, 454 and exerting s distally-directed force 464 thereto will open them. To st
the extent of force that may be applied to the first and second tendons 468, 470 and thus on the first
and second articulable beaks 452, 454, the work element may comprise fravel houter structures 467
{only one of which is visible in Figs, 454 and 45B}. Indeed, as shown in Fig. 458 and according to
one embodiment, the travel in the distal and proximal divections of the beak actuating elements 469
may be lmuted by mterlocking tab and slot features that only allow a hinuted relative fravel between
the constitnent slements thereof, as also shown later with a different configuration in Fig. 32, Such
Liotted travel s sufficient, according to one embodiment, to fully open and to fully close the first and

second ariiculable beaks 452, 454,

[B158] Accordimg to one embodiment, as shown m Figs. 434 and 438, 1if rotational
force is applied to the articulable beaks, such rotational force also acts on the tendons to rofate the
articulable beaks and pulling on the tendons i a proximal direction by proximal movement of 469
relative to the proximal extension of the hiving hinges closes the articulable beaks, and the tendons are
thus an mvtegral componentt for both rotation and opemingiclosing.  Ax shonwn below relative 1o Fig, 52,
rather than the cutout shown in Fig, 434, the cutout for actuation of the first and second tendons 468,
4706 may be disposed at or near the proximal end of the tab of the tendon actusting element 469, In
such embodument, the actions with respect to the first and second tendons 468 and 470 would also
apply, 1.e., active pulling {e.g.. applying a proxunally-directed force) on the hirst and second tendons

368, 470 may close the first and second articnlable beaks452, 454 and pushing on them {e.z., applving
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a distallyv-directed force) would open the first and second articulable beaks452, 454, In thus later
configuration. the rofational force wonld be directed from the helix or proximal end of the tube from
which this work element 15 formed primanly and directly to the hiving lunges and distal ends of the
first and second articulable beaks452, 454, more so than moainly tluough the first and second tendons
468, 470, In this embodiment, the first and second tendons 468, 470 of each of the first and second
articulable beaksd452, 434 mamly act to actively open and close the first and second articulahble

beaks432, 454,

[B159] Note that, sccording to one embodiment, the entive work element. inchiding the
first and second articulable beaks 452, 454, the first and second tendons 468, 470, the hving hinges
connecting the first and second articulable besks to the body portion of the work element, the travel
himiter structures 467 and, as desentbed below, the first helical element {shown m Fig 4538wy he a
single monoclhithic structure formed of a same matenial that may be {e.g.. Iaser-} cut from. for example, a
single solid hypo tube. That 1s. these struchures may be tormed together of a same pisce of unbroken

homogeneous material.

[6168] Fig. 47 shows an excisional device according to one embodmment, In this view,
the non- or differentially-rotating owter sheathis} or fube is partially cut away for clarsty. The first
helical element 472 mayv be coupled to the first and second articulable beaks 474, According to one
embodinent, rotatton of the first helical element 472 may cause the first and second articulable beaks
to correspondingly rotate. According to one inplementation, the first helical element 472 and the frst
and second articnlable beaks 474 mav be configiwed to rotate at s rotation rate of between, for
example, about 1 o 10,000 rpm. For example, 5 rotation rate of between about 3,000 and 7.000 rpm
may be selected. One mmplementation calls for a rotation rate of about 53,000 rpm during at least one
phase of the lissue coring and excision process.  According to one embodiment, the first helical
element 472 may define a single-coil confipusation.  According to embodiments, the first helical
element may be provided with structure configured to increase ifs colimin strength and torque and to
decrease the torsional deformation thereof. Fig. 48 shows one embodiment configured fo comprise
such structure, For example, the first helical element 480 may comprise a two or three {or more) coil
structire. Fig. 48 shows a first helical element 480 with thwee coils 481, 482 and 483, Collectively,
these coils decrease the tendency of the first helical slement to conyress, increase the torgue that it
may apply against the fissue through the first and second arficulable beaks and increase its resistance to
deformation as it is rotated. Such a configuration also spreads the torque load to multiple points of

sttachment to the firet and second articulable beaksd 32, 454,
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[o1a1] According to one embodiment, the first helical element may be that structuwe
that causes the fist and second articulable beaks to assume ther open and closed configurations.
Indeed, extension of the helical element may apply the proximally-direcied force 462 to the tendons
468, 470 through the beak actuating slement 469 and close the first and second articulable beaks,
Sumularly, compression of the hebical element may apply the distally-directed force 464 to the tendons
468, 470 through the beak actuating element 469 and open the first and sscond articulable beaks.
Therefore, the first helical element may be well served to resist compression, extension and torsional
deformation, such that 8 may effectively transmit applied force to the first and second arficulable
beaks. Fig. 49 shows a further embodiment of a fust helbical element 490 comprising structure
configured fo morease s column strength and torque and to decrease the torsional deformation. As
shown theremn, the first helical coil 490 may comprise coils 492 and at least one cross-coil bracing
member 493, As shown in Fig. 49, the cross-coil bracing member{s) mayv be oriented substamially
perpendicularty to coils 493 of the bHrst helical element. As shown in Fig. 50, however, the cross-coil
bracing member(s} 303 may be oriented at an angle {e.g.. an angle greater to or less than ¥4 degrees)
with respect to the constituent coils 502 of the first helical element 500, Other implemeniaticos are

possible.

[B162] Fig. 51 shows the distal region of an excisional device, according to one
entrodinient,  Ax shown therein. an excmisional device, according fo one embodunent, may comprise a
distal sheath 512 defiing a longimdmal axis 514 whose distal end. as shown, may comprise a
castellated, crenelated wavy, perpendicularly cut or other leading edge shape, with such leeding edge
being sharpened around its circnmference as desired. A work element may be configured to at least
parttally Bt within the distal sheath 512 The work element, accordmg to one embodiment, may
comprise frst and second arficulable beaks 516 and 518 configured to rotate within the distal sheath
512 about the longiudinal axis 514 thereof. As shown m this figure and preceding figures. the first
and second articulable beaks 516, 318 may define respective first and second cwrved distal surfaces
configured to cut fissue. The work element may be further confignred to be advanced distally such that
at least the first and second curved distal surfaces of the first and second articnlable beaks are disposed
outside of the distal sheath. As particularly shown in Fig. §1, a portion of both of the first and second
curved surfaces of the first and second articulable beaks 316, 518 may be configured to rotate outside
of the distal sheath 512, with the remaming portions thereof rofating within the distal sheath 512
Indeed, m this embodiment, a substantial portion of the first and second articulabde beaks 518, 518

may be configured to rotate within the distal sheath 512, This confignwation radially supports the first
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and secomsd articuiable beaks 516, S18, and prevents them from over-extending o otherwise
undesirably deforming when cutting through tough tissue. According to one smbodiment, a shearing
of scissors actiont tnay be nnparted, as the distal fips of the first and second ariculable haaks 516, 518
rotate nside distal sheath 312 and act with their sharpensd edges against the leading edge of the puter
differentially or non-rotating distal sheath 512, However, the first and second articulable beaks 516,
518 nway also be configured o extend further out of the distal sheath 512, as showa m Fig. 52, and m
either a closed or open beak configuration. A closed beak conhipwration may be well sutted to
advancing through fissue io the mtended leston sife, with the closed and extended first and second
articulable beaks 316, 518 dissecting their way through the tssue, Altemnatively. such extension of the
first and second articnlable beaks 516, 518 outside of the distal sheath 512 may constitute a phase of a
combaned rotational’closing and part-off action following coring of the tissue accomphished with the
first and second articulable beaks 516, 518 at least partially enclosed within the distal sheath 512,
Finally, extension of the first and second articulable beaks 316, 518 m either the closed or open
configuration may be accomplished either by extension of the work element andfor retraction of the

distal sheath 312, in relation to cored or to be cored tissue.

[o163] The distal free end of the distal shesth may be shaped as desired and may
conyrise, as shown inn Fig, 51, 8 curved or sumseidal shape. This distal edge mav be sharpened, to aud
11 the penetration into and cormg of tixsue. Vacuum slots may be provided within the distal sheath, as
shows at 520, Should a vacuum be drawn within the hunen of the distal sheath 512, swwrounding tissue
1may be drawn thereto, thereby assisting i stabilizing the distal end of the excisional device during the
specinen cufting procedure. The vacvum slots may alse serve to collect igmds and free cells from the
surroundutg issue or to debiver hquds to the srroundmg tissue. They may also serve as an operung at
the distal end of the device so that as vacunm i1s applied miemnally at the proxmmal end of the distal
{e.g., outer} sheath 512 as an aid in transporting tissve spechnens proximadly, that a comresponding
vacwmun 18 not built up behind (distally} the hissue specimens, which may prevent them acting as plogs
m the work element. The view of Fig. 51 also shows a collar 532, The collar 332 may be coupled {e.
2., spot welded or mtherwise adhered) to, for example, the tendon achuating stmchwes 468, In this
manner, an axial force agamst the collar 332 1 a proxmmal or distal divection will exenrt force on the
tendons 468, 470 and actuate the first and second articulable beaks 452, 454, A portion of a proximal
sheath 523 is also shown m Fig. 51, The proximal sheath 523 may be configuwed to be either non- or

ditfersastially rotating, at least with respect o the work slement.
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[o164] Figs. S3A though 57 show the nwjor constituent components of an excisionsl
device, according fo embodiments. Fig. 53A shows a work element, collar and integrated first heheal

—

element of an excwsional device according to one embodument. Fig, 53B shows a detail of the work

glement of Fig. 33A. Considering now Figs. 534 and 53B collectrvely, the work element may
comnprise the first and zecond articulable beaks 522, 5324, a body porfion 326, a first helical element
528 and a work element proximal portion 330, Rotation of the work elememt proximal portion 330
may, according to one embodument, correspondhingly rotate the first and second articulable beaks 522,

324, Actustion of the first and second articulable beaks 322, 324 may be camried out throngh collar
332, ax set ont relattve fo Figs. 51 and 32, wherein the collar element may be spot welded, glued or
otherwise adhered to the beak actuating portion configured fo actuate the first and second tendouns of
each of the first and second beaks, according o one embodiment. Al structures shown m Figs, 534

and 53R, save, according to one embodiment. collar 532, mayv be formed monolithucally. of a single

prece of material by laser cutting andfor etching, for example.

[B165] Figs. 84A and 54B show a proximal sheath 540, According fo one embodiment,
the proxumal sheath 540 nway be combigured to fit over at least 3 portion of the work element {shown m
Fig. 33A) and abut collar 532 as shown in Fig. 53B. According o one embodiment, the proximas}
sheath 540 may be configured to resilisntly bias the first and second articulabde beaks 322, 324 i the
open pustiion. According fo one embodiment, the proximal sheath 540 may be shid over the work
element proximal portion 330 and advanced over the work slement unhl the distal end thereof (shown
at reference muneral 342 in Fig. 54B) abuts against the collar 532, Therefore, selectively acting upon
{e. g., exerting a proximally-directed or distallv-directed force) on the proximal sheath 544 causes the
first and second articulable beaks 522, 524 1o open and clese, i concert with the distal sheath 512 of
Fig. 51 over af least a portion of the work element. In such an embodiment, the proxumnal sheath 540
may itself be enclosed by an outer proximal sheath, itself connects to the distal sheath 512 over the
collar 532, effectively captwring collar 332 between the distal sheath 512 and the proximal sheath 540,
as shown 1 Figs. S84A and S6B. Accerding io one embodiment, the proximal sheath 540 may be etther
free floating or driven m rotation.  According to snother embodiment further detailed below, collar 532
may be elimunated and the beak achuating portion of the working element may be directly attached to
the distal end of proximal sheath 340, In such an embodimernt, the work elemet mav be attached to a
proximal end of the second helical element 344 {0 rotate the work element {(including the first and
second artwulable beaks), In this manner, the proxunel sheath 540 may be configured to entrain the

work element in rotation as well as to open and close the articulable beaks. In such an embodinent,
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the first helical elenweat may be decoupled from the work element, thereby enabling the first helical
element to be driven at a rotational speed that 1s independent of the rotation speed of the connected
proximal sheath and first and second articulable beaks, as 13 shown and discussed in greater detasd
below., According to one smbodiment. to bias the first and second articulable beaks 522, 524 in the
open position {at least partially within the distal sheath 512, according to one embodiment), the
proximial sheath 540 may comprize a secord helical element 544, In this mauner, according to one
embodiment, not only may the present excisional device comypmise first and secorsd bebical elements,
but such helical elements may be co-axislly arranged within the device, one over the other. According
to one embodiment, at least a portion of the second helical element may fit over the fust helical

element withi the excisional device, to effectively define a structure comprising a cotl-within-a-coid,

[o166] According to one embodiment, the proximal sheath 540 maay comprise a distal
region 546 comprising the second helical element 544 and a proximal region 548, The region 548 may
be generally co-extensive with af least a portion of the first belical slement of the weork clement and
may comprise structure configured to aid i the proxumal transport of severed tissue specumen. Indeed,
after being severed from strrounding tissue, the cored specimen will be urged m the proximal direction
withinn the body portion of the work element and eventually engage the retating first helical element.
The first helical element may assist in the transport of the cored specimien ti, e.g., & tissue collection
magarzine coupled fos the present excisional device. Surface features may be provided on the surface of
the unmer lumen of the proximal sheath 540, Such festures, however conhigured, may aid m the
transport of cored specimen by providing some measure of friction between the cored speciinen and
the rotating first helical element, to enable the cored specimen to move, m a proximal diection,
tlwough the device. According to ong embodiment and as shown m Figs. 55A, 35B. 56A and 56B,
when the proximal sheath 540 v fitted over the work element, fissue entramed by the fust helical
element, ilustrated by 562 of Figure 56B, will also be drawn against the inner fumen of the proximal
sheath 5340, The proximal sheath 540 may define inner humen surface fexhwues to provide the
aforementioned friction to aid in cored specimen transport. According to one embodiment. a vacinumn
may be drawn within at least the proximal sheath 540, In this manner, cored tissue specumen(s} may
be drawn through the coils of the frst helical element o come into lntimate contact with the {e.g.,
patterned or slotted) surface of the proximal sheath's inner husnen.

[6167] As shown in Figs. 55A, S6A and 537 and according to one embodiment, the
proximal sheath 540 may define one or more elongated slots 552 therem. Such slots 352 may allow

fluid conununication with the wderior hunen of the proximal sheath 540 In other words, the slot or
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slots 332 may go all of the way through the wall tluckness of the proximal sheath 540, For example,
when vacuum 1s drswn within the proximal sheath. cored tissue specimen heing transporied by the first
rotating helical element may be drawn to the slots 332, and partially enveginated therem, to thereby
provide some resistance to the cored fissue specunien, therebyv preventing them from sumply rofating in
place within the first helical slement, without moving. According to one embodiment, the slots 332
may be serially disposed end-to-end substantially parallel to the longitudinal axis of the proximal
sheath 540, may be offset relative to one another, or may be disposed i1 a spiral pattern, whether non-
overlapping or overlapping, as shown in Fig 57, thus effectively acting as an elongated co-axially
disposed third helical element of similar or different prich than the second helical elenent, sinular to
that disenssed vader Fig. 353G above. According to one embodonent, an elongated mnterial may be
fitted within one or more of the elongated slots m the proximal sheath. For exanple, such elongated
material may comprize rigid or seam-rigid projections that extend from the elongated slots fo within the
ey lumen of the proxonal sheath. Such projections, which may be fibers resembling those of a pipe
cleaner or may be substantially more discrete. nigid and spaced apart, may provide additional resistance
to the cored fissue specunen to enable them to effectively travel within the mner lumen in the proximal
direction to, for example, some specimen collection structure. According to one embodiment, such
projections may be oriented to favor one direction of travel of the cored fissue specunen over another,
For exanple. the projections may be orniented ai some angle m the distal to proxumal directions, o
prevent the cored fissue specimen from bhacking up i the distal direction witlun the inner hmen.

Other structure may be used for this purpose.

[B168] Fig. 56A and 56B show one embodiment of an excisional device, in which the
distal sheath 512 has been htted over the distal region of the work element, The second helical
element 544 15 shown fitted over the first helical element 562, which s visible m thus view through the

coils of the second helical element 544,

[0169] Fig. 57 shows one embodunent where the proximal sheath 540 mecludes slots
8§52, as previonsly shown in Fig. 535A, m an overlappmg sparal pattern, which slots 552 may effectively
function as a third hehical element co-axially disposed relative to the first helical element . The slots
552, according o ong embodiment, mwey be configured to provide resistance to the cored tissue
specimen to enable the first helical elament to transport the tissue specimen in the proximal direction.
It 1s recalled that the first helical element may be decoupled from the work slement {mcluding the first
and second articudable beaks), and that the proxumal sheath 540 miay be mechamcally coupled to the

fendon aciuating elenments 469 (and. also, to the hirst and second articulable beaks) to provide both
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rotational force and besk opanung and closing actuation, as described relatve o Figs. SM4 A and B In
such an embodiment, therefore, the relative speeds of rotation of the first and second articulable beaks
and first helical element may be dnven independently and differentially tuned to optimize both Hssue

cortig and tissue specunen axial transport in a proximal divection {e.g. fo A storage magazine},

[e178] Figz, 58-61 show snother embodiunesnt of an excisional device, It is fo be noted
that the higiwes herein are not to scale and the relative dimensions of the constituent elements of the
excistonal device may vary from hgwe fo higure. According to ong embodunent. the workig end
{e.g., substantally all structures distal fo the handle 12) of the excisional device may be essentially
composed or formed of three separate elements that are disposed substantially concentiically or co-
axially relative to one another. This results i1 a mecharucally robust working end of the excistonal

device that ix economical to mamiacture and to assenihie.

[0171] As shown in the exploeded view of Fig. 38, one cmbodiment comprises & work
glement that comprises body porfion 428 and tendon actusting elements 469 (paly one of which is
shown 1 this view), and may he ferminated by first and second articulable beaks {(not shown in thus
view). The fhirst helical element 582 may be formed of the same matersal as the work element
According to one smbodiment, the work element {1 e, body portion 428, fendon actuation element 469
and hirst and second articnlable beaks) and the first helical element may be cut or formed from a single
piece of matertal, such as a hypo tube. For example, the hovpo tube may be suitably {e.g., laser) cut to
form the body porfion 428, the tendon actuation elements 469, the first and second articniable beaks as
well as the first helical element 582, The fust helical element 382 mwy then be mechanically
decoupled fromn the work element by cutting the two stmctures apart. These bwo structures are,
therefore, labeled {1a} and {1b) in Fig. 38, fo suggest that they mav have been onginally formed of a
single piece of material, That the first helical element 15 mechanically deconpled from the work
element enables the rotation of the first helical element 382 1o be independent of the rotation of the
work elenwent. For example, the first helical element 582 may rotate at a comparatively slower rate
than the rate of rotation of the work element, as transport of severad tissue specimen may not require
the same rate of rotation as may be advisable for the work element. According to one smmbodiment, the
first helical element 582 may rotate slower than the work element of the excisional device.

[6172} The second of the three separste clements of the working end of the excisional
device, w this embodiment, s the proximal sheath 584, as shown af (2Y m Fig. 58. The proximal

sheath 584 may comprise, near tis distal end, the second helical element 585, As shown in Fig, 58, the
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second helical elemiert 585 mayv be disposed concentrically over a portion of the first helical elentent
S82. According to one embodiment, the proximal sheath 584 may comprise one or more proximal
locations 586 and one or more distal locations 587, The woximal and distal locations 386, 587 may
define, for example, mndentations or through holes and may indicate the position of, for example, spot
welds {or other attaclunent modalities) that are configured fo mechanically conple the proximal sheath
584 with the work element of the excisional device, When aszembied, the proximal sheath 584 mayv be
concendrically disposed over the first helical element 382 and advanced such that the one or more
proximal locations 586 ont the proximal sheath 384 are aligned with corresponding one o nuwwe
proximal attachiment locations 588 on the work element and such that the one or more distal location
587 on the proxumal sheath 384 15 aligned with comvesponding one or more distal atachment location
SRY on the tendon actuating element 46%. The corresponding locations 586, 588 and 387, 589 may
then be attached to one another. For example, the one or more proximnal locations 53¢ on the proximal
sheath 584 mav be spot welded to corresponding one or more proxunsl attachment locations 588 on
the work element and the one or more distal location S87 on the proximal sheath 584 may be spot
welded to the correspondmg one or more distal attachment location 589 on the tendon achuating

clements 464,

[#173] It 1s o be noted that the locations 586, 387, 588 and 382 are only shown in the
figures are idlustrative and exemplary only, as there are many wavs of mechamcally coupling or
attaching the proxumal sheath 384 fo the work element, as those of skill may recogmize. According to
onie embodiment, the proximal sheath 584 nwey be attached such thet movement of the second helical
element 585 (eg., extension and compression) correspondingly achiates the fust and second
articulable beaks behween a furst {e.g.. open) configiwation and a second {e.g.. closed) coniguration,
Indeed. the proximal sheath 584 mayv be mechanically conpled io the work element of the excisional
device such that for example, a proximal portion thersof (e.g., at or in the vicnuty of proximal
locations 586) is attached to the body portion 428 of the work element and such that & distal portion
thereof {e.g. at or m the vicinily of distal location 387) may be aitached to the tendon achating
elements 469, In tlus manner, compression and extension of the second helical element 583 may cause
a relative displacement of the tendon achuation elements 469 and the body portion 428 (1. 2., one may
move while the other 15 immohile or substantially so, or both may move relative to one another),

thereby causing the actuation of the first and second articulable beaks.

[B174} The third of the three separate elements of the working end of the excisional

device, shown at (3) in Fig. 59 1s the outer sheath 390, which may incorporate the function of distal
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sheath 512 frora Fig. 52, as distal portion 5392 of outer sheath 590 iy this Figure. The cuter sheath 390
may be configured to fit over the work element comprising the bedy portion 428, the tendon achuating
element 469 and at least a portion of the first and second articulable beaks. The outer sheath 590 may
also be condigiwed to slude and fit over the proximal sheath 584 that is mechamically coupled to the
work element. Lastly, the onter sheath 390 may be configuwed to slide and §it over at least a portton of
the first helical slement. The outer sheath 390, according to one embodiment, may comyprise a distal
portion 592 having a first diameter and a proximal portton 594 having a second diameter. The second
dimmeter may be larger than the first diameter. To acconmodate the differences i diameters of the
first and second portiosis 592, 594, the outer sheath mayv comprise a shoulder 593 comprising a surlace
that transitions between the distal and proximal portions 592, 394 of differing diameters and against

which the distal portion of the second helical element may acl. 1 one embodunent.

[0175] Fig. 60 shows the work element {comprising, e.g., body portion 428, one of the
tenrdon sctuation elements 469 and first and second articulable beaks 842, 604) mechanieally coupled
o the proximal sheath 584, To show mterior struchires, outer sheath 590 1s onutted m this view. As
suggested at 386, 588 and at 587, 389, the proxwimmal sheath 384 may be spot welded to the work
element in such a manner as to enable differential meotion of the body portion 428 of the work element
relative to the tendon actuating elements 469 thereof when the second helical element 383 conypresses
and extends, which differential motion actuates {e.g., opens and closes) the first and second articulable
beaks 602, 604, Signthicantly, the atachment of the proxtmal sheath 584 to both the body portion 428
and to the tendon actuating elements 469 of the work element results i substantially egual torgue
being imposed on the constitvent elements of the work element, thereby maintaining the structural
nitegrity of the work element ax it 1s spun up fo speed (by rofating the proxamal sheath 584 1 thas
embodiment) and as the first and second articulable beaks 502, 604 cut through varably dense, hbrous

and vasenlarized tissues.

[0176] Fig. 61 shows the body portion 428§, fendon achation elenwent 469 and first and
second articulable beaks 502, 604 of the work element together with the first helical element 582, The
proximal sheath 584 and outer sheath 590 are mot vistble 13 this view. As shown the first helical
slement may be co-axially disposed relative o the bedy portics: 428 of the work element and may be
of the same or substaniially the sane diameter. As noted above, the two may be formed of or cut fromn

a single ptece of material such as. for example, a staidexs steel hypo tube. According o another

embodunent, the first helical member mav be of a different diameter than the body portron 428,
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However, such an emtbodiment may requive corresponding changes fo the dimuneters of the proximal

sheath 384 and the proximal portion 594 of the outer sheath 590 and a change to the shoulder 593,

{8177} Embodiments are not imifed w thew niihity and applicalnlity fo bispsyv-related
applicationte,  For expample, the hollow helical taasport component may be used n mwsny
commercialiindusirial applications where bandling a vaniety or single-fype miaterial{s) is/are desirable,
potentially on a pwuch larger scale than 1s the case in medical bopsy procedures. Since the present
devices can function around comers for example, the presemt biopsy devices may be made far mors
compactly than other lmeardy-configired devices made for the same or sinular purposes.
Embodintents may also reliably huxction fo core andior transport under extreme conditions that may be
difficult fo control such ax shifting smerovndimngs and other factors. It 15 fo be noted, moreover, that the
distal tip andior body of the present biopsy device may be configured to be steerable without loss of
functionality, which may have uses both within and outside of the medical field.  Addihonally, the
length of the harrel assembly portion (ncluding, for example, the wbular coring and transport
assembly 11} of embodiments of the present biopsy devices may be conhigured o have most any
length, and to have a wvariety of shapex, such that embodiments raght find whlily i remwote
applications, some of which may reguire fraversal of multiple curves, which may themselves be fixed
i nature of moving, again, withowt adversely affecting the performance of the present biopsy device.
it 1 to be noted that mdividual elements and sub-systems of embodiments have separate uhility and
may advartageously be deploved m other devices configured for other purposes. hudeed, the depiction
and description of the embodiments hereins is not meant fo convey that such separate elements, sub-
systems, assemblies and mechanisime do not have novelfy and miility outside of the field of medical
biopsies. For example, elements such as the rotating, cuthing elements of beak assembly may perform
therr intended huwtion{s} withouwt the other components described herein and should not be assumed to

be dependent on some of the other featwres in order to function ax uended.

[0178] While certain embodunents of the disclosure have been described. these
embodiments have been presented by way of example only, and are not intended to linit the scope of
the disclosure. Indeed, the novel methods, devices and systems described heremn may be embodied m a
vanety of other forms. Furthermnore, various omissions, substitutions and changes in the form of the
methods and systems described herein may be nwde without departing from the apinit of the disclosure.
The accompanyving claims and ther equivalents are ntended to cover such fornw or modifications as
would fall within the scope and spirit of the disclosure. For example, those skulled 1n the art wall

appreciate that w vanous embodunents, the actual physical and logical structures may ditfer from
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those shown in the figures. Depending on the embodiment, certain steps described inn the example
above may be removed, others may be added. Also, the features and attributes of the speaific
enthodinients disclosed above may be combined 1 different ways to form additional embodiments, all
of which fall within the scope of the present disclosure. Although the present discloswre provides
certain prefeived embodunents and applications, other smbodiments that are apparent to those of
ordinary skall m the ant, mchiding embodiments which do not provide all of the feahwes and
advantages set forth herem, are also withan the scope of thas disclosure. Accordingly, the scope of the

present disclosure 1s intended to be defined ondy by reference to the appended claims.

[0179]
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WHATE CLATMED IS:

i. Agy excistonal device, comprising:
an outer sheath;

a work element configured to fit within the suter cheath, the wuk clement defiing a2 proaumal portion,
a distal portion snd 2 body portion between the proximal and distal portions, the disdal portion comprising a first
articulable besk that s configured to cut tivsue and that s coupled to the body portion by & first bving hinge.

Y

2. The excisional device of clain I, wherein the work element is Dwther confimwed to rotate
within the outer sheath.

3. The excisional device of olsim 1, wherein the fivet srticulable beak comprises a sinrface having a
substantially same curvature as the body postion.

4, The excistonal deviee of claum 1. further comprising a fiest slot defined in the work element, the
first slot extending parsliel to a longitdingl axis of the work element Froms = distal region of the body portion to
a distance withio the first articnisble beak.

5. The excisions! device of clainy 4, further comprising a second slot defined in the work elemens,
the sevond slot being generally parallel to and spaced a distance apart from the first slot,

&. The exessional device of claim 5, wherein the first Bving hinge is defined between the fivst and
seeond notches.

H The excisional device of claim 1, wherein the first articulshle besk comprises a first distal heak
portion spaced sway frons the first ivior hinge and wheretn the first distel beak portion is configured to be

3
b

drawn away from » longitudinal axis of the work elensent when  first foree 1s applied to the distal portion and to

be deawn closer to the longitudinal axis when s second force 15 applied to the distal portion.

g The excisional device of clatm 7, further comprising a first tendon coupled o one side of the
first articulable besk and s secend tendon coupled to another side of the first mrhiculable besk, wherein the first
andd second tendons are confipured to selectively spply the proximally-directed forece and the distally-divected
force to the distal portion.

2. The sxeistonal device of elaim 8, further comprisiig 3 hehical slement coupled to the first and
second tendons, whereln extension of the hebieal eloment apphies the proxsmally-directed foree to the distal
oo,

14 The excisional device of clsim 8. finther comprising a helical element coupled to the first and
second tendons, swherein compression of the helical clement applies the distally-directed fores to the distal
section,

i1, The excisional device of claim: 9, wherem the helical clement 15 an extenswon of the first and

second tendons and s forned of 3 same material,
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12 The excisional devies of claim 1, wherein the distal portion fiwther comprises a second
articulable beak that is configured Yo cut tissue and that is coupled to the body portion by a second living hinge.

13, The excisional device of claam 1, Bavthey comprising & helical element configured to actuate the
articulable beak snd wherem at least the work element and the helical clement are fornsed together of & same
ubroken homogeneous matertal,

i4. The excivicanal device of cladm 12, wherein at least the fivst and second asticulable beaks, the
work element and the helical element are formed together of & same vobroken homogeneous materisl.

15 The excisional device of claim 12, wherein the first and second arvculable beaks are coafigured
to core through tissue and to sever a cored fissue specimen.

18 The excisional device of claim 12, wherein the first and second arvculable beaks are coafigured
o selectively assume an open configuration to core threagh tissue sad 8 closed configuration {o sever the cored
tissue vpecimen from swrrommnding tissus,

17 The excisional device of claim 15, wherein the work element has 3 lenpth thet s shoster than a

length of the cored tissue specimen.

18 The excisionsl device of clabm 1, wheretn the first living binge 13 of 8 same matenial as the work
element.
ig The excisional device of claim {1, wherein the firsd bving hinge comprises & material that is

different than s material of the wonrk slement,

20, The excisional device of clatm §, wherein the first bving hinge comprizes a mesh material.
21 The excistonal device of clamm 1, wherein the hest living hunge comaprises a flexible member

coupled to the first articulabde beak and to the work element.

]

RN An excisional devics, comprising:
an outsr sheath;

a work clemsent configured to fit at least partially within the outer sheath, the work element defining 2
proximal portion defindng 2 helical element, a distal portion and a body portion betwesn the proxiual and distal
portions, the distal portion comprising s first articulsble beak configured to cut fissue, the helical element beng
formed by sclective removal of material from the proximal poetion of the work element and betng confipured 1o

at least one of sctuate the first arttculable beak fo out Hasue and transpoat cut tissue,

23, The excistonal devies of clagn 32, whersin at feast the body portion and the helteal element are
formied of a smme wbwoken homogeneons material.

24, The excisional device of clapn 22, wherein the first articndsble beak 1 coupled to the body
powtion by 2 living hinge.

25 The excisional device of olaim 22, wherein the helical element comprises at least one cross-coil

bracing member.
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26, The excisional device of clabm 25, whersin the at least one cross-coil bracing member is

oriented substantinily perpendiculaly to coils of the helical slement.

The excistonal device of claim 23, wherein the at least one cross-coil bracing member is

oriented at an angle of less than 90 degrees with respect to coils of the helieal slement.

28, The sxcistonal device of claim 22, wherein the helical portion s further configured to rotate the
first articulable heal.

RS The excisional devics of claim 33, wheretn the helical portion is configured to st feast one of
operr and close the fivst articulable beak,

30 The excistonal device of claim 22, wheretn the helical portien is configured for differential
rotation relative fo the work slement,

31, The excisions! device of cladm 22, wherein, the distal portion coouprises 8 second srticuiable
heak eonfipured to cut tissue

32 The excisional device of claim 31, wherein the first and second articuleble beaks sre configured

to core through fiswue and o sever & cored tissue speotmen.
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FIG. 29B

SUBSTITUTE SHEET (RULE 26)
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FIG. 35C
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