DEVI CES AND METHODS FOR CUTTI NG AND EVACUATI NG Tl SSUE CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001j The present application, clains benefit of
priority wo2012803330vi si onal Patent Application Serial RoT/1824136026429 fil ed
June 30, 2010 and US. Provisional Patent Application Serial No. 61/377,883
filed August 27, 2010 both of which are incorporated by reference herein in
their entirety for all purposes, FIELD OF THE | NVENTI ON 100021The present
devi ces and pethads rel ate genera nedi.cal . devices and nethods for
cutting and/»'?}fx"‘é%&éu%“ﬂ’ﬁ\%‘?&@% fft?%mvar Fous'\ ¥ Rdr bas oY Thv gdpeht’ s body.
BACKGROUND [ 00031Many common nedi cal devices performthe function of
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devices @ &nce herein in theis entirety for all purposes.

FIELD OF THE INVENTION
0002 The present devices and methods relate generally to medical devices and methods

for cutting andfor evacuating tssue from various regions of a patient’s body.

BACKGROUND
0003 Manv common medical devices perform the function of resecting tissue. Suction,
supphied by an external vacuum source i3 often used to evacuate tissue from the operative site.
[6004] Medical devices which cut and evacuate tissue are used in a variety of procedures,
mcluding ear, nose, and throat surgery, gynecological surgery, spinal surgery, ophthalmic
surgery, and many other applications. Depending on the procedure, the evacuated tissue may
be collected for pathological analysis,
[0003]  When applied to ear, nose, awd throat surgery, tissue resecting devices are
commonty referred to as microdebriders.
[0006]  Tissue mcaision may be performed by either a rotating cutter {(wmdirectional or
oscillating) or a reciprocating cutter. In the case of a rotating cutter, an electric motor 18
commonly used as the source of motion. In the case of a reciprocating cutter, motion may be
produced by manual actuation, through a control such as a button or trigger, or powered
actuation using pulsed or valved compressed aiv.  Each of these power sources has distinet
disadvantages when used to power a resecting medical device.
[0007] For example, when an electric motor is used to provide rotational motion of a
cutter, the additional weight of the electric motor may cause operator fatigne. Wires from an
external power supply are inconvenient 1o make the connections and 1 is inconvenient to have

the wires attached to the device dunng nse.
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requi r edcleotiporhar by awessdsguat e nunber of actuations may be excessive,
0010} Electrically-powered microdebriders typically require an expensive capital
tnvestment in a power consoele that is separate from the handpiece. The capital cost of the
power console, handpiece, and disposable blades makes procedures such as a nasal
polypectomy and other procedures cost prohibitive in a doctor’s clinic setting.
j0011] Existing microdebriders are typically built with a handle of the device in line with
the shaft of the device, as a result, the handle and the operator’s hand may interfere with an
endoscope andfor the camera.
{6012] Existing microdebriders expose a cutting blade 1o the end of the device. This may
be disadvantageons when the operator loses sight of the end of the device and accidentally
cuts or damages structures that come into contact with it
[0013]  As a result of these himitations, 1t is impractical for Ear, Nose, and Throat
physicians to remove nasal and sinus polyps or other tissue iy an office or other sefting using
the current technology, Therefore, patients are left with the vodesirable options of a course of
steroid treatments to reduce the size of the polyps {with associated sterowd side effects),
removal of the polyps in an ambulatory surgery center {cost prohibitive and therefore rarely
performed as a stand-alone procedwge), or leaving the polyps unireated and dealing with the

associated breathing obstruction.
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coupled to the slongate shaft such that the elongate shaft remains fixed relative o the
chamber. The chamber may have a mechanism positioned therein, wherein the mechanism
can be powered by suction created by a vacoum source such that the mechanism produces an
actuating motion which causes the cutter to actuate, €.¢., to reciprocate. In certain variations,
a cutter positioned within the elongate shaft may be reciprocated past the opening in the
elongate shaft to cut tissue in the opening.

j0016] {u certain variations, a method of cutting and/or removing tissuae from a subject
may include advancing a cutting device next to, near or to a target tissue 11 the subject. The
cutting device may have an elongate shaft and a catter positioned within the elongate shaft.
The cutting device may be powered using suction created by a vacuwm source such that the
cutting device produces an actuating nwotion, which causes the cutter to actuate, e.g.,
reciprocate, to cut tissue. The cut tissue may be evacuated using the saction created by the
vacuum source or may be otherwise removed. In certain variations, the method of cutting
and/or removing tissae may be utilized to perform a polypectomy or a discectomy.

[0017{  In certain varations, an apparatus for cutting or scraping tissue in a subject may be
provided. The apparatus may include an end effector, wherein the end effector includes a
scraping edge positioned on a distal end of the end effector. One or more scraping wings may
be positioned at an angle relative to the scraping edge such that the scraping edge and
scraping wings may be used to provide scraping motions m different directions.

j0018] In certain variations, devices, systems and methods for excising, cutting andfor
evacuating tissue ave provided. A variation of a device may include a catter and a double

action vacuum powered mechanism or motor in which vacuum is used to actively reciprocate



100151Various cutting device driven by various power sources are described
herein. In certain variations, a vacuum powered tissue cutting device is
provi ded.wOhre12dwsisde may i ncl ude an el ongate shaft havi mgTaiSpeioousaé end, a
di stal end and a |lunmen defined therein. The distal end may include an
opening for receiving tissue. A cutter may be positioned xvithin the

el ongate shaft, wherein the cutter is configined to be actuated to cut
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reci prodé@id)g chict éb.iltustrates a side view of the cutting device of Fig. 1B with the manifold of

the vacuum powered mechanism hidden.
6025 Fig, 1E illostrates a side view of the cutting device of Fig. 1B with the collection

chamber hidden to show a filter.



[ 002011 n certain variations, a cutter may be positioned at or near the
distal end of a nalleable shaft that nmay be shaped by the operator to a
curvat ur eveunt24Bis3t o access the desired anat om cal | ocaCirars201Blo416B6
DESCRI PTI ON OF THE SEVERAL VI VS OF THE DRAW NGS 10021i Fig. IAillustrates
a side view of a variation of a cutting device. 100221Fig. 1 B illustrates
a side view of the cutting device of Fig. 1.Awth the right hand portion

of the er hidde 00231Fi IC.il rat es as e view of cuttlng
devi co dPORRTg. T 0f ThshRes Pl aeia e eyt o DRt Gaish o & % how

t he evaquatd.at @Q@J{ﬁﬂu;{ggguﬁ g. 1D illustrates a side view of the cutting
device of Fig th the manifold of the vacuum powered mechani sm hi dden.
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{0029} Fig. 2A illustrates a side view of a vaniation of a vacuum powered mechanism.

}OGSM Fig. 2B illustrates a cross sectional view of the vacuum powered mechanism of

{0031 Fie 20 illustrates an opposite side view of the vacuum powered mechanism of
Fig. 2A.

j0032] Fig. 2D illustrates a front view of the vacuum powered mechanismm of Fig. 2A.
[0033]  Fig 2E illustrates a rear view of the vacmun powered mechanism of Fig.

{0034 Frgs. 2820 iHlustrate side and prospective cross sectional views of the vacoum
powered mechanism of Fig. 2A in a frst position.

j6035] Figs. 2H-21 illustrate side and prospective cross sectional views of the vacuum
powered mechanism of Fig. 2A in a second position,

[0036] Fig. 3A illustrates a cross sectional view of a variation of a double action vacuum
powered mechanism having a bi-stable switch m a proximal position.

16037} Fig 3B illustrates a cross sectional view of the double action vacuum powered
mechanism having a bi-stable switch of Fig. 3A in a distal peosition.

j0038] Fig. 4A illustrates the cross sectional view of a variation of a double action
vacoum powered mechanism in a proximal position.

{6039] Fig, 4B illustrates a cross sectional view of the double action vacuum powered
mechanism of Fig. 4A 1 a distal position.

0040 Fig. 5A tllustrates a cross sectional view of a variation of a single action vacuum
powered mechanism using a spring return systen in a proximal position.

[0041]  Fig SBillustrates a cross sectional view of a single action vacuum powered
mechanisms of Fig, SA in a distal position.

[0042] Fig. 6 illustrates a side view of a vanation of an end effector.

[0043]  Fig. 7 tllustrates a side view of a variation of an end effector.

[0044]  Fig 8 illustrates a flow chart of a variation of a method for cutting and removing

tissue using a vacuum powered cutiing device.



WO 2012/ 003383PCT/ US2011/ 042686 100261Fig if illustrates a magnified view
the el ongate shaft of the cutting device of Fig. 1B having nultiple |unens

100271Rv0.201¢G03388| ustrates a magni fied view of the cutCerusefiimmseutti ng
device of Fig. | B. 100281Figure LU illustrates a vacuum source coupled to
a variation of the cutting device. 100291Fig. 2A illustrates a side view of
a variation of a vacuum power ed rrechani sm [00301Fig, 2B illustrates a

cross S nal of the vac ower.ed mechanl sm.of Fi 2A. 100311%2_
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F' gh 2Apo[x,%@§i@ﬁ1'§ '1&1*@1;%@%&h\l}tﬂ}%ﬁ&&ﬁ%ﬁ%tiﬁw deQRE. view of the vacuum powered
nmechani sm of
0046} hs.. 10 ﬁhzs:tmte% a flow chart of a variation of a method for performing a

discectomy using a vacunm powered cutting device.

DETAILED DESCRIPTION
6047 Vartations of the devices are best understood from the detatled description when
read m copjunction with the accompanying drawings. It is emphasized that, according to
conmmon practice, the various features of the drawings may not be to-scale. On the contrary,
the dimensions of the various features may be arbitrarily expanded or reduced for clarity. The
drawings are taken for tlustrative purposes only and are not intended to define or limit the
scope of the claims to that which is shown,
j0048] Various cutting devices and methods for cutting, resecting, incising or excising
tissue are described herein. In certain variations a cutting device may inchude a mechanism or
motor driven or powered by a vartety of different power sources, e.g., suction from a vacuum
source, pneumatic, flaid pressure {e.g. hydranlic), compressed air, battery power or electrical
power or gas power or any combination thereof. The mechanism or moter may create a
reciprocating or rotational motion output in any divection which caunses a cutter on or in the
cufting device to actuate, .9., reciprocate or rotate, to cut tissue. The cutting device may be
utifized to cut, resect, incise or excise various types of tissue located in various regions of a
patient’s body. For example, the cutting device may be utilized to perform & polypectomy i
a patient for removal of one or more polyps.
{0049} {n certain vanations, a cutting device powered by suction from a vacuum source
{either external or internal} ts provided. The cutting device may mclude an elongate shaft.
The elongate shaft may have a proximal end, a distal end and one or wore lumens positioned
within or along the elongate shaft. The distal end of the elongate shaft may include an
opening ot window for receiving tissue. The device may include a cutter for cutting tissue. A
cutter may be positioned within or on the elongate shafi. The cutter may be actuated,
reciprocated, e.2., axially along the longitudinal axis of the elongate shaft, or rotated 1o cut

tissue. A chamber may be coupled to the proximal end of the elongate shafi. The elongate
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[00331Fig, 2E illustrates a rear view of the vacuum powered nechani sm of
Fig. [00341Figs. 2F-2G illustrate side and prospective cross sectional

vi ews of wbheowzwsism power ed nmechani sm of Fig. 2A in a fiPCItUSP@i0n1686.
100351Figs. 2H 2l illustrate side and prospective cross sectional views of

t he vacuum powered nmechani smof Fig. 2A in a second position. [00361Fig. 3A
illustrates a cross sectional view of a variation of a double action vacuum
power ed pechani sm havi ng {'II - St abl e osj tion.
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[0050] A mechamsm or motor may be positioned within the chamber. The mechanism
may be powered by suction created by a vacuum source, which causes the mechanism to
produce a reciprocating motion. In certain variations, the mechanism may be powered solely
by suction created by the vacuum source, e g, without the use of electricty or pressunized air
or fluid to power the mechanism. Additional connections for electrical or

preumatic hvdraunlic power mav not be required. The mechanism may include a piston which
is put into reciprocating or reciprocating linear motion by suction from the vacuum source.
The reciprocating motion output produced by the mechanism causes the cutter (connected (o
the mechanism} to actuate, e.g., to reciprocate or to rotate. In certain varations, the cutter
may be reciprocated back and forth i a linear motion,, e.g., axially, or along the longitadmal
axis of the clongate shaft. In other variations, linear reciprocating motion from the
mechamism may be franslated into rotational motion of the cutter. The cutting device may
mchude a port or valve for connecting the vacuum source to the cutting device to provide
suction to the cutting device.

[0051] The suction from a vacuum source may draw tissue into the opening n the
elongate shaft. The cutter may be reciprocated or rotated past the opeming in the elongate
shaft, thereby cutting the tissue which 1s drawn into the opening of the elongate shaft. The
cutting device may include an evacuation lumen for evacuating cut tissue using suction
created by the vacoum source. In certain variations, the tissue may be otherwise removed
without using evacuation {o remove the tissue.

j0052] Inn certain vanations, a lumen for dehvertng unigant or fluid may be provided. For
exampie, the elongate shaft may include a lumen for delivering frrigant to the distal end of an
evacuation lamen in the elongate shatt or to an opeming of the elongate shafi or to a cutter.
The irrigant may flow constantly through the humen, or i may flow through the lwmen only
when suction from the vacuum source is present to draw the irrigant through the irrigant
lamen. The cutting device may include a reservoir filled with water or other irvigant

positioned with the cutting device or the irrigant may be provided from an external supply.



mechanismof Fig. 4Ain a distal position. 100401Fig. SAillustrates a
cross sectional view of a variation of a single action vacuum powered
mechani srwO1p0a383pri ng return systemin a proxi mal po®Criusa0110H@B8d1Fi g.

5B illustrates a cross sectional view of a single action vacuum power ed
mechani sms of Fig, 5A in a distal position. 100421Fig. 6 illustrates a side
view of a variation of an end effector. [00431Fig, 7 illustrates a side

view of .a vari ﬂt i on of an, nd effector. 100441Fi g, 8 illustr ates a flow
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illustrates a flow chart of "a variation of a nethod for performng a
pol ypectisaiymarsi hiye arigas gum {prgﬁmaéhbw:ﬁpmughgh@jguﬁ,a@@device when suction is present
m a lumen within the elongate shaft, at an irrigant port, which may be located within the shaft
hanen near the opening of the elongate shaft. The trrigant may be drawn to the distal end of
an evacuation fumen in the elongate shaft or to the opening of the elongate shaft, where it
tabnicates tissue and a lumen within the shafl, e.g., a tissue evacuation lumen, to facilitate
evacuation of the cut tissue.
{00531  The cutting device may include a handle, such that the cutting device may be
handheld. For example, the chamber of the cutting device may be in the form of a handle.
The handle may be positioned or set at an angle relative to the elongate shaft. This
arrangement of the handle or chamber relative to the elongate shaft may provide a clear or
substantially clear line of site above and/or to the sides of the elongate shaft. The angled
arrangement may reduce interference with other medical devices or instruments that a user
may utilize during a tissue cutting procedure, e.2. an endoscope and associated cables. This
angled arrangement may also provide optimal user comfort. The handle may have an
ergonomic design to provide comfort and ease of use. A cupved or angled neck portion may
extend from the chamber or handle, for receiving or holding the elongate shafi.
0054 A tissue collection chamber may be provided. For exanple, a tissue collection
chamber may be integrated m the chamber or handle of the cutting device or may be
otherwise connected or attached o the cutting device. The tissue collection chamber may be
removable from the cutting device. The removable tissue collection chamber may allow
tissue collected therem to be biopsied, studied or a diagnosis of pathelogy may be performed
on the collected tissue. Removal of the tissue collection chamber and/or filter may result in
the device being disabled, e 3., where the tissue collection chamber may not be reassembled
to the device. This may prevent the device from being reused or used on more than one
patient to nummize or prevent the associated nisks of transmtting pathogens from one patient
to another or infecting another patient. For example, the device may be disabled where the
internal vacuum lines are sheered when the tissue collection chamber is removed from the
handle. As a resuit, the tissue collection chamber cannot be reassembled to the device thereby

rendering the device useless.  The device may be fully or partially disposable.

e



100461Fig. 10 illustrates a flow chart of a variation of a nethod tbr
perform ng a discectony using a vacuum powered cutting device. DETAILED
DESCRI PTIvON 20004F38¥ar i ati ons of the devices are best unaeraiSoad/ oizesen t he
det ai |l ed description when read in conjunction with the acconpanyi ng
drawings. It is enphasized that, according to common practice, the various
features of the drawi ngs may not be to-scale. On the contrary t he
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in various 1ggl ons of a Patlent S bod For exanpie, the cutting device may
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suction froma vacuum source e ext inter provi ded. The
cut ti ng bdgwiicendabiy d nekudd antoelion gmiemshafan artie rehongadses s}'ﬁhé tnaleaplhave,

a proximal . en a di stal, end d r nor.e | umen ositioned within or
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for cutting tissue. A cutter gom ioned within or on the elongate
shaft. TFhelt outbemanay }bemamwa@iédm gobeliqatip edvedd. dhyshat *ax%rvabt yd;aq%t@chg t he
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shaft or a cannula remains fixed or inmovable relative to the chanber,

e, g., whierest Heolber weirtionna g0l opatarnenongaeriarbly be shlicainartiast ors bei ng
reci pro%%?‘qi% 495,{1»% S\%ngé @]{ngd or during actuation, reci procatl on or

rotation of the cutter. A'NEchani sm or not or may be positioned within
t he chanbed?{ The cmeehany 5aRe various shapes and configuration, e g., the cutter may be in the

form of a cutting blade or pipe or tube positioned within the clongate shaft. A cutter may be
positioned 1m the cutimg device such that the cutter can reciprocate past an opening or cutting
window in the elongate shatft. In certam variations, the cutter may be positioned within or on
the elongate shafl such that the cutting blade 15 not exposed on an cutside of the opening or
window in the elongate shaft or bevond the distal tip of the elongate shaft. This arrangement
mayv provide satety to patients and mummize or prevent the risk of inadvertently cutting or
puncturing tissue in a patient during the tissue cutting procedure or during advancement of the
cutting device to the target site in a patient for tregtment.  In certain varations, the anvil may
protect a cutter such that it is not exposed, thereby providing safety to patients.

[0058] A sufficient vacuum source for operating or powering any of the cutting devices
described herein may be the vacuum source provided in most standard operating rooms,

phvsician’s offices, chinics or cutpatient surgery centers. For example, many physicians”
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evacuation of the cut tissue. 100531The cutting device may include a
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chamber t‘.tl.hg cutting device 2y be in the fp,r-,g)(ff a hgﬂdl e. The handle
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chanber coayr tbeedipbegeated in the chanmber or handle of the cutting device or
may be ot herw se connected or attached to the cutting device. The tissue
col l ecti on chanber nmay be renpvable fromthe cutting device. The renovabl e
ti ssue collection chanber nay allow ti ssue collected therein to be

bi opsi ed, studied or a diagnosis of pathology may be performed on the
collected tissue. Renoval of the tissu Gcollection chanmber and/or filter
may result in the device being disabled, e.g., where the tissue collection
chanber may not be reassenbled to the device. This may prevent the device
from bei ng reused or used on nore than one patient to mnimze or prevent
the associated risks of transmtting pathogens from one patient to another
or infecting another patient. For exanple, the device nmay be disabl ed where

N



1005511 n other variations, a tissue collection chanber nay be reusabl e,
where the tissue collection chanber nay be renoved, sterilized and then
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[0064] Exemplary Cuiting Devices

[0065] Figure 1A shows one variation of a vacuum powered cutting device. Referring to
Figures 1B-1E, the cutting device 10 includes an elongate shaft 12, The clongate shaft 12
may inclode a rigid sleeve 14 that provides rigidity to the elongate shaft. The elongate shaft
may include a window or cutting window or opening 10 positioned at or near a distal end of
the elongate shaft. An evacuation shaft 17 may be positioned within the elongate shaft 12. A
cutter 18 may be positioned within the elongate shaft 12 such that it mav be reciprocated past

the opening 16. In this particular variation, the cutter 18 18 formed at the distal end of the



liters per mnute (1_,P\1) flowrate. The various cutting devices described
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power inputs or supply requirenents needed. For exanple: suction provided
by such vacuum sources may nove, actuate, reciprocate or otherw se operate
the mechanismof a cutting device and/or the cutter at a speed or rate
rangi ng from.about 250 to about 2500 c cles/mn or about 500 1200 cycl es
per mi nEtERBHON gedt fsgﬁ‘ ABTH Pefé%@“ﬁ’i}é ‘é"s“‘ﬁ@?“f’rlr‘?‘ﬁ%te £ 5;?.@%@" gt“%%" %“3‘&/

sl over thafathe HFMER dob@bndPilife Benproviidet by a typical electrically
powered notor, yet provide the control and power to effectively and safely
oper at e [8#fbir eci}p¢ otae: uhene oy &e pofitiohel withit itploniz ded 1de§c¢ ngé:li" her e| n
to cut, rese or exci.se tis ous r.e

to cut " dicr v eRhrB BT e bRE Tuhthn 30 i G GPEme P eRoRR b ERe O
pati ent thiip@x5dl @nd ¢90E BRld@dantaehi b o6 khyay FHIEAT frorh A0 S4Bl GehktahD
variations: a cutting device nay be connected solely to a vacuum source,
and opt i"SEIARAT ipreRaghsIFGe Jupraheuregant wmvaéimﬁwfweﬁ%@ﬂrﬁéymée distihect ed
Lo, Lhe GnbbE RO IRMLES, IBHED f BRLIGHEL R SERALL §€’e;i?;¥w 108 HASHIM S IS,
drives or sue into the
openlng-mﬂethgﬂehﬁ@gaL&ﬂsmﬁﬂknﬁamﬁ&@&ﬁW@SﬁnLnb heﬁ@a@hwmﬁﬁazcwh&eﬁg dr aws
irrig, ant froma reservoir or. other source throu h the cutting device or

t hr ough PEPTICEHE AISTHS MR tgheReatogEnEy tadiridate %1‘“‘@80*% fkthe GHt 1558 devi ce

and/ or  @YARNELEIEHbaddkSIHE 2hay FERYEk dhdRA@ pBAIICRE *ex& APEAL Yagioys
vacuum power ed use I n the varloué d I ces descri bed
her ei n, xmﬁ‘@MmhemohcHMMpah&dan@dhﬁedtogn@uhhanod@ﬁmpthﬂdcbeﬂemaﬂmhna@@ytaln

varlatlgF a Yag omered or vacuum driven WE zy1na¥ i ncl ude one or
nore pi Bisate s %\1‘&‘{’1 ‘bﬁ‘“?‘éma‘pbl(‘“élf“t“ﬁ“t%ll?’r 1Re ISP HHe OBF SEBRS n an
al t er natying 1@%%59&%9@@%%&%;%&m@ 1% Qy ieg Ry @&az > €0 hdIRCLPIFIQBId S
coupl ed or connected (directly or indirectly) to the cutter, t her eby

causi ng pehencitikeshation raemtpmbmttem Parigidotdese 14 anyaripred suotdton pHyOnbe

applied ton.and a spring force in a vacuum powered

mechani @kﬁﬁa{gg’% e %{')‘ﬁliédopgﬁf% “%ffiﬁ%r side of the piston, to cause the

pi ston tjeugRCi PrRCabasatd R EChRY 06ahd R8mkl GhobeCAUSES: sthenverto Bayt O

reci procate. n certain variations, a
WO 2012/ 003383PCT/ US2011/ 042686 100611

hand- helraovidgs hyadds spganior 8 uptine b etchratee d masvidelecuipant eolstliprsettiong

tissue '_ri tﬂ% tb&%ﬂmpgglyi f"’SmQ\r Qyt{.rq{aﬁlm} ¥T @%};Qﬁé{éi% LR nROWehLE gl lt?}\éfﬁaﬂn{i § er nal

nechanlsn1that ernal  vacuum sour ce.

nechan|sﬁﬂﬁnﬁdumemumaaﬁpTempnwﬂgumméMQMetbh&Ammyhhemﬁ§E¢nha<nnmésarcutter

back- and- orth past. an enL g in a shaft. A portion of the s ctlon from

t he ext eRHEIU U SBORERY %°¥@BfQH“?%PH@QHXFW@”§HQ?F“&ﬁd”%? iEitledye
into t h@ qugﬁ\’l\ﬁ‘éhﬁﬁlﬁz ﬁm'”si e?f: 1§€tg3 LW Létnﬁl &H;ntogﬂf ”2 r-xl;t?\enk'hﬁ uﬁfﬂé 2k tp&n
evacuated through é into a tissue collection chanber on the
handl e dﬂtarzhenshemwﬁutﬂihmgsmcf?hemisaﬁm deHectehahtimbbisay miwah\smtcrgmtg&mm tim o the

| f.th b t th t
oot By SRk gl bt PEGHER Flutuon chh AR 2 R i B

Cut ti ng (@eVinGRfa@ly 3&@&&?@“&1@%’&“@@{%‘%&@@@nﬂ%r{ﬁ'aﬂuE‘Iﬁ&op&rﬁz@&ﬁ& RALE¥RAnNGCUUM
source where the devices have an efficienf use of suppl i ed vacuum sucti on
to the d’@\»k@ethd@hg Limgitmhbﬁ@héunﬁsutlm\@irpbm eth Bachinbergdi higr evargdd, the n

Cor o VAR S LT R YS! IR bRy

nanufacH@RQQWQﬁr&&AnHUabﬁuﬁstantiaIIy al | mechani cal conponents reducing
costs for manufacturing. [00631In certain variations, a cutter may be

posi ti onBeP8At of wwewrn pRrwerigresharip 38R Bosteuer by idus Higrob ﬁﬁth@ﬂ"%d@%es

prefor Iy, y b

D eert :Io%d‘n I?{] @[h%(»:\da?fo% We’&%%i% a@h&ﬂ{zgmwggeﬁ rﬁ&gﬁx‘i?I ?th?x?lté‘a{qﬁfinagf/ ance from
t he cannsiaddsawhtdegidtar Rindi tevamdonidr &he k\e,nshazﬁxtx tadl dmmged tasvarions

redeterm ped curvature t osition the dijst f shaft near, the
P ar get §pztn‘gwur'itt{m e.¢., In parail eipm one another. A {jx —smﬁe mm h «(« ma‘. %e connected to the



100641Exenpl ary Cutting Devices [0065jFigure | A shows one variation of a
vacuum powered cutting device. Referring to Figures 1B-1E, the cutting
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arigid sleeve 14 that provides rigidity to the elongate shaft. The
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chanber 22 dlsa | es the cuttlng deV|§ ég I n certaln varlatlons t he

el ongat POEREFY ¢ ‘QSW ﬂ?}emﬁc?arb? aepitned GhHleieRisien chHabE Handde Wige B t hat
the el ongalgeShafly ﬂjrg:)t{u‘?l tQt%n th?ﬁﬁﬁitbrﬁlﬂ [ Vi8uili Qo m&hﬁHP%h%ch EQLr via
exanpl e, the e ongate shar i xed such t It is not notivated
or reC|ﬁnﬂ@mﬁedxmﬂvﬁh&mméohﬁﬁhmﬂﬁﬁo or notor descrlbed bel ow. 100681A

vacuum ni 0is 05|t|oned t hi n. t he chamber 20. Fi gures
o 21 SN War | SaCHREREBY eha™) SURP RO AL el OREER R0 orhin Sl sm
30 i ncl ugles u@e ShURE LRt RhsliOMo3Re BRI BY & PbSlieRudtbn (R Rb&ARM MRY be
arranged in various configuration, e.g., in parallel to one another. A

hi - st ablfegignil Hohogs drmyumemwwnewéﬁ tp @ vHetiosithe eﬁphgti@ﬁ%m ahlee wheodri ve
piston 34. Th a_s, rln

onnect 4 CEO G T O8 Bt Bl et B Wb Pt B it 1
or Vi a ahPist@nciahdapy: (ﬁﬁuﬁﬂﬂgﬁﬁ}tr@d 470 THhehsi LEANBAN0GR Py Phrravabl e
switch 36. Actuation of the bi-stable switch 36 by the drive piston_ 34,

whi ch | $ragteserirsdnionhby dwilgrvsar shapler ddctich iha tearsgupyorke conbuinisdur ce,
TBY or oY oy Ao 1615 SUHAS bRk BRer 32 dnf SRERR it DR Bl oRha Bl St &
di rections z d of the d the
pr oxi rral'mézmdﬁmfdz tvleenmmt tlianged é¥itc @oyeMheinubihe testtmatdt zh e pmtst PhaPornbves from
one end of its' travel extremty to the opposite end of its' travel
extremty, the evacuated side of a drive piston chanber 42 is vented to

all ow at nospheric air to flowinto the drive piston chanber 42 while the
opposite side of the drive piston chamber 42 is shut off from atnospheric
air and evacuated. As a result, the drive piston 34 is notivated to nove in
t he opposite direction until the bi-stable switch 36 is actuated and the
shuttle piston 32 reverses. The shuttle piston 32 and the drive piston 34
are positioned in a manifold 38. The manifold 38 includes a drive piston
chanber 44 and a shuttle piston chanber 42. The hi-stable switch 36 may
ensure a rellable tran5|t|on of the shuttle plston 32 or valve on the

-, oy T 1 oy [T oy



| east a portion of the drive piston 34 is positioned in the drive piston
chanber 44 and at least a portion of the shuttle piston 32 is positioned in
shutt| e pwetorv/mbsaber 42. The drive piston chanber 44 aou/ush@1oe8é¢ | e

pi ston chanber 42 are in fluid communication with each other via first and
second vacuum sl ots 45 and 46. 100701A shuttl e chanber vacuum supply port
47 is provided to connect a vacuum source, via a tube or line (not shown).

to the ng ani sm t pr. 1tde s c&kon to th% mq nism 30. Figure 1H.

shows a SH4E E‘u&‘th‘%‘b GB‘? & Ehe dr5eS Bersitn Detele B SBREPH W ce 10, The
tube or Ituttezmxmbes&&mﬁeti%@ AOwAih $AERAGE MaGUm ghayrber port 28 (shown in
Figures 1B-1D) and/or the shuttle chanber vactium supply port 47. The
shuttle l@(hdrtber ihcam@cimnmpw yxap(@ﬁtxcqu;m% ttieéuemzmyn‘u»ﬁtle:ipﬂ@eatsnbt tle

pi ston c Sou

Pormuni TGS ChF TRATEITRER 8 SUTo e HaAb e ouS Ao ded i B Mg 11 e

pi ston charbes ad@RNGLAIm ki@ cdid AvRSt REfahATREE Hiigs LO\-PEVEE caft@lgnDt i vat e
the drive piston 34 and/or the shuttle piston 32, as described in further
detai | HevepAd ntaetaéﬁq igelgfle a tgen BorPRBURIcd Prrthe hamben B s Kicgboprrhded bel ow
WL 1 RGNS S0 BUESR P d0RTEH IS ABERAN MY (Y RenagLvat od
and the drive pis reci procated | the 'VAcuUm souf ce as

soon as hichi xt«aﬁmum SOUkFCH). | ‘ﬁhét@ﬂl&&ﬁﬁ@il 260s e Coit’ tpmguﬁema@eule@ 2and the
vacuum source is_ activated. Referring back to Fig A-1E, the cutting
devi ce Topepgieed fog thsehuds patey 1g§Q9\\ DG fb‘oéh“ﬁ“dﬁé‘él‘“dn 19 FREIRIAGHOEIE 00 i n a
| ocatio 3

R ) R S T O s
the tri ggesn 26 Wahen metthgg ST is posated ano ab hefft posgger, ﬂ@ﬁrmswcﬂﬁsengmgﬂnttf rom

the shuttle piston, 32, W e shuttle on 32 rocate due to
ot i vat i'BH YrEOERE HF “‘I%‘t@bp@“’é\;ﬁt &ﬂ 1B At b 9 ‘é‘“fbﬁ"t‘ﬁ? i< AB 45&}&? gaogy Hife
MoV ementy; 0f o kg b Wi PlehAs: 1%415 sibpey ﬁth@pés[d(ﬂgﬁém%i t&t@%&@«t;% mnt&n an
‘oft' position, the trigger 26 nmay Interact with or engage the shuff
pi st on davinghihe hpodus &6 opdre Bruthive i deone BRudrdsdd fvenpiat ftirt\faillmti@ﬂst al |
or stop ] i s,stopped in a 'SLtiQn 9 to the
openi ng 5uPheRaly € sGrhy Ron bR siEnRigRRE So duf it e Rt st ce 0
to be us@efi®EoEHCk@ Re®din QVRGHA dndR ohiicRdab tapaRingdafoe Y ippMies t he
mechani sm 30 and cutter 18 are not activated, as the vacuum source nay
renai n aeticidbedshaduaonnbide sveauatieheEagu ﬁﬁgef@ew»@remws S yRHgostisct i on
t hr ough £ \ I LN Gertain variations, suction
may not g@ tt“ﬁt‘mﬁ h Et{lﬂ}ug;u@ﬁt"ﬁt Q@tﬁ!singﬁ E;}dﬁ mm Quﬁluatl on shaft during
Cutting10@ﬂ@72lTNEMMaGmumnﬂﬁmmﬁGMﬂEMnhﬁmtmﬁhethdLﬂﬁd&hﬁ)ﬁuhéBﬂ@ﬂdelCe 10

at the external vacu m port 29. The external vacuumport 29 is in fluid
communi CAETHRPAR LR ¢ AE CRREe] BcuBmY RAEL 1508 R f 5%@?““‘2‘2“%%’8’“ HE $f B§§ey acuum
chanber LBQ&IU of thaSHAP I’y{in'ag lt;s HEE L Qb htlﬁt%e : ){?Ibﬁlfﬁﬁéﬁ%‘x R0 uﬁhﬂf t,

' The external vacuum port i'sin fluid co n|ca on"w th the second
vacuuntchﬁnbanammmnbﬂﬁt EM@@#@H@@&S@U&@OH“@hseu@mdthmnsmumnbm“mhaMber

vacuum su ort 47 to the e p|sto e drive piston
chanber Spnegbit el splsrbebre S hriaRine arfe Bt fodhin' onl ch
”Dt'Vatﬁﬁaﬂ(pBﬁQﬁR&Qﬁﬁ&ﬁﬁwﬁhﬁu$bh§ﬁﬁﬁheaﬁ&ﬁkQﬁw@@w@ﬂﬂJﬁHﬁk?ﬁ4%gnuﬂhh@h i's
connected to the vacuum powered nechani sm 30 either directly or |nd|rectIy
1007311 medig@cate had'et phgatdsivsivaten IR vdfich etioues frrrrgugewt@eml Giwapleavitch

inserted. in ired | ocat are urce
2 connetbl AT Ry PEEoH Bl ALEPpr DRy RS b 0T R o
30, caushdigctihe drive piston 34 to reciprocate. The drive piston 34 causes
one side of the hi-stable switch 36 to nove either proxinmally or distally
whi ch i n8¥Bdsesithe. *ﬁ‘éﬁ%ﬁf‘éﬁﬂéhﬁﬂ heobibe sndingdlegipe i grazpe ingeed hip s ed

t ensi on 1 n ol

b Stablcgagtﬁtgcﬁ?&gg %tegrh{x uttﬁe‘%&%ﬁﬁah{t% 1@9&%%&@8 tc?th‘é%luﬂh cﬂ%?;tettg1 y
to decreaﬂevhheuﬁangbhb@ﬁwﬁhmhaqunswomtSmmhmgpaﬂntN%mn@nhegaeaﬂhenut&e
shuttle piston or shutt S 2 nmpve ast the suctjon port 47, the
vacuum o¥S'&tet FHes ‘?Peﬁl‘ﬁLSf e‘ﬁtﬁ breatln st Salampeg @EEY"E‘B’*QH@Y&%‘%‘] te side
of the drive piston 34 while atnospheric air is allowed to flowinto the
side of the shuttle chanber 42 that is not evacuated, thereby notivating
the drive piston 34 to nove toward the $vacuated side. (As shown for
exanple in Fig. 2B). The evacuation shadft 17 is connected to the drive

pi ston 34. The evacuation shaft 17 may be connected directly to the drive
pi ston 34 or the evacuation shaft 17 may be connected to sl eeves, tubes or
ot her shafts that are connected to the drive piston 34. For exanple: the

pi ston clanp 35 may connect the evacuation shaft 17 to the drive piston 34.



[ 00741As stated supra, the cutter 18 is fornmed at the distal tip of the
evacuation shaft 17. Once the vacuum source is connected to the cutting
devi ce lOwerdi2dess3ssri gger 26 is positioned in the -on" pogiusz@n/og2686 t hat
it is disengaged fromthe shuttle piston 32, suction applied to the
mechani sm 30 causes the drive piston 34 (and consequently the shuttle

pi ston 32 as described above) to reciprocate whi ch causes the evacuation
shaft 17 d. t he cu{ter .18 tqg reciprocate, .driving the cutter 8 back and

Forth, ~&IGo intrraseS|the, E5y0 o1 Jhe TR BHOAR bn G0t HEREMGERRN PaMeaxi s of ¢ he
el ongat %Kﬁh@l{?ﬁ spiASt7 ENBe:ORE R RGN Bigh Y Hp%lﬁ{d@l&@@;@h skabh Lﬁlnzshuﬁ‘k%é@@ P of
a variation of a cuttlng w ndow is shown in Fig, 1G At the sane tine,

suct i on g thexigapgplr ém%ﬂls oerdedreasy almﬁamtb @tu teextdnsion ghriag B UnBtheo the teal
evacuati o MltIS i nt 6, ere the tissue
st hon BubE B e pact HHuRER G Hiro e Pt SRR OAAT Y PRESEaLH on | the
evacuat is@etidnUi B, sl @haf®eeYaRNakes fohBe ptlostd Sigb e aRAr@ehisvar 34 khil® the

ti ssue coll ection chanber 22. [0075i Wi le the reciprocating notion of the
drive pisgnewhgde of iydlevwvd dhdavsmodbe pide pf dashatle ghaabaHe thiltt et 18 via the
evacual O ARl hekby b Fo) ALIALL BLAPSEL] REE @RaNEN. QLG GROfENt S for
transl at’ing sut aty n are a Nt xanple a

cutter rayw eﬁh&&dmiareom} @e \&me lcife d@hadm@ Ehzﬁﬂy? eubeﬁeceaﬂtte misd driveqristoRBber
whi ch is_connected to the mechani sm 30, e. a the drive piston 34 or
pi ston digicRiantion phadelt @in ’v&?‘f’&f‘i‘—érﬁ‘g“q‘h@ he s pign " i YRFWEPDY or

i ndirec ® a t he
Shutt] eR %{f‘é goﬁﬂg%te%gnﬁﬁé&g?_«;ggg r gfbggmbzt&i]é}f q&%ﬁ%‘%{ ¥ Collefe@o Ak Rlve

2012/ OOW‘F’H | BI8204hHR4 268 6:1G0 O tip| 3% roer tcainacivly dvatinois, shaft [ doptherdrive

ext ensi on be provided in the evacuation shaft 17 or in a tube or pipe
connectlﬁﬁ‘fﬁe evacuation shaft 17 to the first va.cuti mchanber port 21,
provi di rnpgr4)! - 8XGhieds8pQL Mhelhal MBY fFRKE PTheCRANGH SBRPSY d%’dé’tkbntslﬂﬁﬁ 1at

| east a portion of the evacuation shaft 17 or tube or pipe th IS

connect é¢hce dha Yasufuinserrop acuumed bdivobe q@@ng dmc@l degndibe tngues "bn% W(emqﬂrf@c ate

or becone,di.sl od ed when .t he .evacuat i bej.,ng reci 0 d or
ot  vat 4By S eoeeh e o oS PR froRiRe il BBredto B g RS T

cut ti ng raRdakiSNDV Agsck kieste. C;:fﬂt@:ﬁrh@((ﬁié%ﬁ& bRl hoshude ﬁﬂ%@l&isﬂﬁx@th@ﬁt ting
device at, next to, in or near a target tissue Mthe sug ect. The cutting
devi ce mhyva)he rasesoenie. oy bryemsesshasTacaminahelit f epd ﬁts‘fswqeb et sEPHICASr  on
the elo h " e e.sh . ject to
acoess tPanfftBiter, BIRUCLATRRRCSS AL 4 AR (DR REHBRSEHOACRS (BRI O L0,
the tar geis dfiisselengate diatt, prdiieropesinD\ e it be ddgauahafthe. amibSengs wavi ce

i ncludes a mechanism O tar which i.s powered O driven by suction created
by a vaée}ﬂﬁﬁi%arrwm%‘é"@gw ST Briignid véeﬁwﬁeaaa%esw st vrRligdani sm
causi ng g R REQIH GG e {h‘?&b@lr %ﬁ’ﬁ 1139 R‘r“\ LOL@Lk QQ&W 11O B &R GRYERS t he
cutter to reciprocate or rotate to cut tissue. tissue may optionally be
evacuate@tmsgmg wmmrmkwn%m@aﬁbdubybjMRivapumnmmpunmej%T@enamﬁwtﬂ&susunay

opti onal.l é %?Lheﬁed or collected with the %éqg e ln ce t% n
vari at i oh8e SHCHIER BRe, Ry RO e Lf"t‘:]rLH‘e‘éf"’B‘i’ | i S‘t“é‘h BT BT Tociiea
openi ng apdpdve tissue nay be otherwi se renoved In certain variations, the
suction fromthe vacuum source may draw tissue into an opening on the

el ongat d0&Hdf t . “ﬁh@thﬂ@@@ﬂnway bwipeof protat gttor 3+ ottt sgcjyasim dR iopeni ng

Lot PSRN B G M A e R P i R B DAY Fo R boye Sy ' "

di stal eb@hpoherdni@vastiaiinch wmmm Aink herRhongate cahahblaRd. For bhendpeni ng
of the elongate shaft, where it Iubrlcates ti ssue andi or the evacuation

| unen, E8HEFERY Weﬂb&waﬁcwa@ PioPlad oty OHEF SrieBY DR 0 PAMGEr vRICh 1 atipdns;
the cut [ . ey,

p03|t|ohgg% gﬁ:ﬁﬁﬁnpﬁgFe sh Sdﬁx?ﬁﬁ&ﬁ ﬁfggﬁﬁgiﬁgﬂéﬁg gﬁ%ﬁ%@{éﬁ%@§na it
remai ns ciefieral &ixebe M&zm i@ Mdieicat meetmdmmmmmnmm dr ehd dvey ermaham S m IS
produci ng a recjprocatjn tlo and ciprocating a cutter shaft or
evacuat i H“§Wﬁﬁki%%%?EFBg@H Fﬂeﬁ“ﬁ%éggiongate shaft. 100781l n certain
variations, a nethod of cutting, resecting or excising tissue in a patient
may include attaching the cutting device to a vacuum source (internal or
external) and optionally to a source of irrigant. The vacuum source
supplies suction that may power or motivate the mechani smor motor of the
cutting device, draw tissue into the path of a cutter or cutting bl ade,
draw irrigant froman irrigant source to the site of cutting or excision or
near the cutter: andlor evacuate cut tissue fromthe patient.



100791l n certain variations, a nmethod |I'm performng a polypectony in a
subj ect may include advancing a cutting device at, to, next to, in or near
a target Wwolzyr/00B38Byps nay be | ocated in various regi ongCofUsaoipasiosht . For
exanpl e, nasal or sinus polyps inay be cut and/or renoved by advancing the
cutting device into the nasal cavity and positioning a cutter at, next to,
in or near the polyp_ The cutting device may include an el ongate shaft and
a cutter @P iti'ngd_uﬁthjn or ﬁn t he eIon%ate shaft.. The, el ongate th of
the cuttf gﬁ devitE Y BaN ARy AW iSSP Sy dedrogedindhe swgiatiap ‘5?‘6 taccess
the pol yip 2anda RARI LA LR @MERT cAB@ichRBAP OF ¥Pihe TRE Gk PRSIV LER 21

i ncl udes a nechani smor notor which is power ed by suction created by a
vacuum gouvidiss eThelepptt thamdy ome hechpagusings eeﬁ&deztpmmsrsl pchygomettani sm
causing it to t not i on

cut ter eseulrBr Ll o dpts GuBbLSRL sl erdlh Bt AR T oMk Y SR e
evacuat eg #oh06r SuBkdaft GrRabed dRbABewWwae By mut;g@_}nThm BUkidd ssue may
optionally be gathered or collected with the cutting device, in certain
vari at i 6pEprosgfed pomoBratgdibythhmespanentir ned of f or not supplied to the
Opent N0 (A el LSS YR RIARIAN S TR ol BELE B, YaN B s, the
suction*fromthé vacuum sour dn

el ongat eéngdidd ddvaldiey g utdieg de‘aye bzeum@m pi ocaded ieﬁa&tt;xtszhﬁn(lbeemi‘nﬁg:i tihecut the
polyp tissue drawn |nto t he openln qQn the el ongate ?haft in certain

vari at i GHEINdeRICRERI ARG ¢ Hbst %empgweraeé acyfteT ROSEPned, 8o g AlopERtum

Croces: MATOIE (LR U anbl uAmyOly GO S8780 0L BLApE LA g
per f or mpogitian dm&nmct amyet o, an suﬂmaedk Ayt figvod wdet anﬁfanmnmga ectstig. ngTid:evi ce
at, to, next near . a .disc in a Flne For ex?\h?g&aa di sc anpulus

0,

or nucl &UEMHEGVEse “%fu‘f {CBQ THRFUAHET R A SEHER 1R LA gt FEURBEEHE t he
di sc antyROSichi@RbRGe ATEUIEOn Fom e Xhedudh sdzﬂu%m{h‘%@{hctrﬁk%hﬁ% 186 La&he gutting
device may include an elongate shaft and a cutter positioned within or on

t he el ongatwushafaciprRvéngloo gt whadt whithcheses dte_tqurigr i@ewmrewmagot baate
advanced into or next to the dise to posithon the cut

devi ce. henubel MRitninranPefmly b7 SRvekt Ml Fhe i Pe SRR ed by
a VacUUuRLERHS The ciBs®UGhY OftidnaRITLE BRhvaE Bl E@I&Q%Qﬁﬂm%ﬁﬁmgh@x ®echani sm
causing it to produce a reciprocating or rotating notion which causes the
cutter wCEHBORPREVEL BICHFN POTASHRIMITOANCRR thfied Slieor nph sumilied dethweypeup rehdlel vy be
evacuat ?QHLH%&;&% %L g& ;%Eﬁm%}:?dn J‘R '}\ﬁﬁﬁ%{”}h%%&?& fydy Q‘?m W En'nsss)ﬂx%m,rm‘y
optlonalﬁy be g hered or co attirn h

vari ati oms; diSNGiam&nuﬁ)r'chq.ﬁummmye elenem e, Oftfe catten@hy B&lmalpl@ﬁité(h}:t he

openi ng and t he }ISSUG may b oIherMAse renoved, in certain variations, the

suct i on PHSHAHELY AR SouF B UslF GREIVHP S RPeipesdhe siasithgiadh lhe

el ongat g shalbri.dfg sﬁa‘:lkﬁle{'%mm% \;bl‘?:uﬁsﬁ%b Qﬁﬁk %up%hntr rQB%JB:QS; J-n(a d4h the
disc tissue drawn into the opening on the elongate shal I'n certain

vari ati @m&,u&tzhneitmhamﬁlfsﬂwmm ﬁmﬁp:mweﬂ*ed)psmhebﬁthewl{sumtu shnft,f\ﬁbm 24 vacuum
source, vuthout uiri t he use, of comp gssed or reefgrlzed ai

el ectri dUBERED “t‘?}‘es Bio 3%%%““ OB I“ﬁ BEBPTEFNAVAR MY BREM WSS é?‘ may cut
tissue Ry pASLELRNNGe duGMb HbAGe WaDIRW R @RnthelORBRE GreShaihnisAGRI NSt the
tissue to be resected and actuate a switch or trigger to allowthe

mechani gwationseclipraoane:. siafiingydaugesha to tha dhambbi add ﬂm itnwemb in a fixed

o oo BoSERA SRR bl BRud RISt SR hE 2o S

pat h of rbdigroestide dn@slet ALS: or BRE LSS WR i SostheBd evdnuat etbnbhkakgh the |unen
of the shaft that is connected to the blade and is deposited in a tissue

col | ect il8¥ & hanbeiertapoosziThe 2 Sirthadfy cHBicEsees OF PN nErer i fytive
utilizi f; t | i r ting

devi ce %x ﬁ&hiﬂ& )(t?z{lclhgld, tiés? mﬂfzoﬁf\q{aﬂ' ?ﬁ\é&%g\?&ﬁ? uxcp?ﬂteﬁw? f‘e‘(t;:l-t\gil)ctﬂtlces
caV|t|esmabnmhseage&ceergn yard. ﬁ&s&MRmaVﬁﬁMxﬂmppMﬁWuﬁMﬂﬂhﬂﬁﬁk@pyﬁ@aﬁsage
reproductiyve pﬁ S, |ntest|n? _d¥S or ot her $e The cutting
devi ces VA5 A BFAMERYN 8F MOHY f‘Edf“F‘H{ exicE Ty ﬁt**‘ﬁe‘uﬂ% ﬁé‘&dgldf““‘f‘” OF
intralumnally or in any minimlly invasive. manner to performa procedure
inor on a subject. Optionally, a cutting device may be utilized through a
surgical incision or site, 100831The V?FIOUS cutting devices described
herein, e.g., a handhel d and/or portablé cutting device, allow for cutting
andl or renoval of tissue , e.g., a nasal polyp, by providing a | ow cost,

di sposabl e device that all ows the tissue cutting procedure to take place in
a manner that is safe, quick, and inexpensive. The cutting device does not
reqU|re 5|gn|f|cant setup tinme, or the |nconven|ence and expense a5500|ated
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ear, nose, and throat surgery, gynecol ogical surgery, spina surgery,
general surgery and ophthal m c surgery. 100841A cutting device that uses a
VaCUUM sowoce12/m33$3, an external vacuum source, to powePCaSaeiwaieneg or
reci procating nechanismor notor that is connected to a cutter, thereby
translating the reciprocating notion to the cutter to cause the cutter to
reci procate provides a nunber of advantages and efficiencies. The cutting

device does not require an.investment in capjtal ui prent, such as

el ect ri CUGERATBY: CoNSBIBE! PR GV e '8 hoale Qg CCsharaner dr dist
sayi NgS .c,f@Phidbr AU RIBR KRR 8% VakHabl e storage space when not in use
as well as service and nmintenance in the facilities where it is used. The

cutting [ Hice bl eoanl Yaomsors. pamifacbupafortonpake ypontibnousuijemgroyement s

devi cos IR el b Br ot dP s Pore A PO oL EonBBRGh 5 and

assenbl Yod.0@hnhaHes: refRkE BOx pARNE OBdr RhmbREnARVHGE YRR pk QMBI bel R@Bndor
cutting device which utilizes an electric nmotor. The el ongate shaft may be
const r udtBavedlomdyancing BeyuBmersy se i she er! caxBnprbpostineibi Bt oh ot

metal and .pl.asti.G. cC Nt s.Lhak . are. not. . i.bl.e 1o JRuil dup
resul ti E(g lﬁrugﬁqé%‘ (rhlwgﬁigﬁ ngié% (\"/\%‘Iéilt}r"’ Erir%\%‘ireniaggc%ﬁ%lgré\éﬁf% L{mﬁ*‘jﬁ% h&é;eh }‘f’g%g%&}t%l ng a
vacuum soitiegedsithingy powes cisaitcatio heeltndecBbibof ihsuting\daciakisgmheand
mechani cal notion to cyt tjissue elimnates or reduces the nunmber of

addi ti orgratsEd SEp HieatEr! B AEE FHENE0 diferrRieaPhBEPOFRAE oWE" Btk se be
required, i ,gﬁiﬁ‘égﬁg}rgq{e@&g [ GdHes AmQhRGEmRR SR, G PR ‘aﬁfez‘%hsxﬁﬁo

pressurize essed alr, and evacuation. A sta one “consol e to

t r ansf errdshel ol ectcuinnaluse. dhbencipndunmattico spawe souray poot:s de: meduised t o
operate the cutting device. 100871l n certain v€rf at i ‘O‘nﬁ"“ a si ng[e t ube
connect $4¥HES § A TRFSOUIER PG  PhE" EIRITIEARC BV RE" tYSERPY ST HEUFUREPFBRs of
tissue Ghbdhidgs c@t"tﬁs@t‘r@“ﬁ%is&ﬁf‘ﬁka& gpmn lb_E headiBehaRihsmiche A bplgS the

reci procating cutter. A single tube sinplifies connecCtions required for
devi ce operat soncanbha @dtices mdyeonienbléy bofatharbber atieaciedihttbe thtngevi ce
t her ebyé{eeguchng%rt h}eV '_'%iutqt ers io"%%d ,ur{ytxii elidilg}g%s‘ %gﬁe)dnbtyﬁ m"l:i t itpl e tubes
and wi r €°CGhnEtTT GHS BRESNa PG P PO el E&F T PhOYePPRIS V4N ati ons,
a split tpBfing aidecttisan: whi Bé BhtREsh@Rthed MYccRipr.oMtiged thheirconnesd s the
vacuumto both a tissue evacuation tube and the vacuum powered

vacuwm source may draw tissue into an opening on the elongate shaft. The cuiter may be

reciprocated past the opening to cut the polvp tissue drawn into the opening on the clongate

shaft. In certain variations, the mechanism may be powered solely by suction from a vacuum

source, without requiring the use of compressed or pressunized air or electric power to supply

pOWer.

{6080} In certain variations, g method for performing g discectony in a subject may

mclade advancing a catting device at, to, next to, in or near a disc in a spine. For example, a

disc annulus or nucleus may be cut by advancimng the cutting device into or next to the disc

and positioning a cutter at, next to, i or near the dise. The cotting device may include an

elongate shaft and a cutter positioned within or on the elongate shaft. The elongate shaft of

the cutting device may be advanced to or next to the disce 1o position the cutter. The cutting

device includes a mechanism or motor which s powered by suction created by a vacwmum

source, The suction from the vacuum source powers the mechanism causing it to produce a

reciprocating or rotating motion which causes the cutter to reciprocate or rotate to cut tissue,

The tissue may optionally be evacuated nsing suction created by the vacuum source. The cut

~3



mechani sm The splitting connection may cone in nmultiple forms such as

mul tiple connections to the tissue collection chanber where a single
connect i oNOR012203338r ce of vacuum creates a vacuum wi t hi RCa/uSeéti®u268hanber .
Anot her formof a splitting connection may be a "Y' or -T" shaped junction
that joins two fluid paths into a single path. As a result of sharing the
vacuum sour ce between the nechani sm and the evacuation tube and cutting

wi ndow or openlgﬁf%ﬁﬂe vac um.perform.several functions within the device:

powers tH&eERh ihess SE o oRPdaTiHTY F cHiginE QRTIET oBHIE AL REORY ssue
into an (Qpem B9 4Bk il 'Eﬁgmﬂ@gﬁ‘% SHCRpbRATL 10l the BFKIRERNE: 868G reNagUAt es

t he excised tissue through the tissue evacuation shaft to a filtér or

ti ssue ctldrettir @nomdarmw taif OBV IMAChe sIEoR OBt HIA VA SIMISORIAL dravs

connected t C o_faci i ssue cutting a
evacuat e al Sgtet g na B BRAHE bt ds St ann St ishedy PR PRt ar
or mechadtgahe BRPUEUR VAN HOP L AHOKinFBY HRCHohR L @RI 126kl OQRHIsE nGe vacuum
power to actuate the cutter reduces operator fatigue conpared to a system
requi ri mgechEsEpatvatearovegechaitla by pudicndime arhane e@twb sdathohgremeiehamsm  The
rate at ctuation, may be
signifi é‘a\éhn%}f&n%liﬂg?gg&l%} ﬁ'rf‘“’%h!“lflda%g?§Mt EIgal‘g&fm\(gﬁ}%@e re eﬁl red to corrpl ete a
ti ssue resEGt i om @ftaBXxeiration, pm@@eﬁw(ﬁn u@shﬁ@:,y }i)bi@aoﬁmatﬁr{mhuﬁﬂﬁ mt&h\e ohahe of
actuation of the mechani sm or notor gé%gwge noved fr posi ti on,

such as ePngpieghelt d%rmw%wm foghegeseg AFPategoRyIEE o»ﬁmaé?egm a Bw tRe device
handl e. r@&h%mﬁxﬁ%’ des WE&{%@ pﬁik@’%%; £OmtiRoY adg?c}’mg“@e H%c'&—én%le!%h ?ﬂ% Ré rol other
par anmet ers tHe rate at ch the“cutter actuates i us of
curvatu n,ettmr&: mhéo\el alag‘ah&t is l:iam\tzx mmthe outeiog hmmhwah\ aloeietxrtbc husﬂe Bigmsyﬁtee m
that may be i r},clngd i.n,or on.the devi k@ er rollg

ot her @R oLt Paidad %V‘”&?é’ TuceThat e w3 et B ™
vacuum Ggd N@Rn R aRam: & Ak IOk @t HabRI: 9hd fs%b@d‘ Qa4 #8issubRER&RAL 1 ONs
allow the device to be designed in a variety of configurations to suit

vari ous Lbﬁmgxﬂcal specialties or personal preferences. 100911The cutting

uce and 1000 or ¢ THRTHG: S Bre eyt Bhohm et e B e PR g bR Bug s, "he

easily s amhm@%ml TH: GAMPKYcUsREbS b8hhbdZatihQhel aghBt ﬂ:&lﬂ@@h&li@dﬂmas
el ectron beamradi ati on, gamma radi ation, or Ethylene Oxide g [ 009211 n

cert ai n WALERLHIASY Dfamﬁﬁéf@mﬁt&i @lil’*e@ﬂ»é\ i&‘ec&ﬂéﬁéeﬁet’ma‘ﬁﬂwwm rﬁ%@“ﬁil‘g?h“@acuum
Lhr ough Wtelal (TREHATLAM,IPL oyl GOALAE PHEL Y gOGUETfAL LRGdfie, vacuum
source 6 ulr't im suct i on
or presstHeaed ha«b a fpaﬁehh mmanme@utxt nmgi dl@\\/ﬁlcmaiﬁ}h @mndmes, iﬁﬁixi\dﬁﬁﬁﬁﬁﬁ&) whi | e
t he mechanj sm or nqtor reci procat es 100931l n certain vari at Llons
cutti ng PR E Pﬁ%&‘y‘ fuRdn gHen & sfpiegty Orgogrily. afuiging deyige Hu &F yi %&@fﬁ% i r es
heat ed ‘41&1&‘?%}&@(&%1 g‘g bi pol ar ndi of requency, or by resistive heating The
cautery may be located at or near the distal extremty of the device to
cauteri j@i}ﬁiﬁ}ssuﬁha wﬂmtammlngldbeem (]f:t!gt,iﬁkdtﬁﬂ‘ﬁms,ld‘.ie ahlelbeltlissdive phiasshlbeen cut
or exci sed. Iz@ c ut er?/ U\ﬁ\{ tes t (g need to r e’rm]\alle 3th devi. ge froman
oper at i VETEE %ﬁd"‘ %‘p ‘%&‘é‘“ A PR SRR RTYE et PRIy YIROY RS ®
ther eby | IRLQVEREh:aPIE Qv RN €haf F%Re Ohie UsRielQlink NRoQBERAD @&e\@m&en h @gGENT
bl ood |1 0oss for the patient. The el ectrocautery system may be powered by
W res t bt iy sbe toak| enbmhxmmt\ e The origag dessdradacs th woghe apnifingdseiab | unen
within th sha e.connect ed omer .consol e or
opt 1 onaltt5- Sy 08l ad Hep M SRl P HE et B SYPONERHERET e
cut My debegusing a cutting device may be performed using local anesthetic as compared to

general anesthetic which 1s used in ambalatory surgery centers.  For example, a cutting

device may be utitized to perform nasal and sinus polyp removal in a doctor’s office setting.

While the catting devices described herein may be used to perform a polypectomy, they can

also be used for tissue resection procedures m other locations of the bedy, e.g., including for



[00941In certain variations, a resistive heating el ectrocautery system nmay
be provided on the distal tip of an elongate shaft. The power source for

t he el ectwocalt®s3s3system may be | ocated in the handl e @CTiuseo1a0816861g

devi ce and may be connected to the distal tip of the shaft by wires that
run the length of the shaft. The power source may include one or nore
batteries that provide electrical energy to the distal end of the device.
The el ectrical be converted to heat ,ener assed through a
oat | ng cel SRS 28 B EHGCPER S oTrEy Toous RS Seeth B el e, |
certalntmgﬂ%ﬁﬁﬁgg§wna cutting device may include a nmalleable elongate shaft
or at |east a partial mal | eabl e el ongate shaft that that may be hand

adj ust alfeB4]A f t\e:xmthe%/e@rcertMilueabt wicghafspuige. cvi dosedgsaisecton sodice. b e
anatom cal | oca devi ce vin

or 11 o eney hRur b EegoRuP e e Sap T S (R Yo bRl bR ahsiebes mmy
be posi gaetngd MhedelifoeNIRLBoERAb IOl @XidhbeigRafié: b ecibibon: bhei@balt to
be manual |y shaped by the user intra-operatively. Alternatively, nalleable
t ubi ng magbpecisvanpeseod stiiueciashd becoiigatievish apes nop respfrene rkmﬁatateﬁs Hapi ng
of the t [ I IS
Urved ﬁ«g@/tat ngfﬁ%ht 9{1@, ds eteth ot?v“ ehgd 9@%{,@\, zf?&%@{;dﬁ fsao\” dﬁ!?%{zf&lz i on

IS i nprevadavikQO96dlal e@rqbzaem IV@UT&@E rloniste stchte.eesbmgtaﬁ@ iﬁh&f txsenﬁy‘eéiﬂeas
flexible and a sem -rig ?% id outer ,cannula or sheath nmay ge provi ded
on the SKHat%® F@‘%ﬂ%ﬁ@@“th&‘ éﬁ# desgrhesg Ryatssie Tﬁh#Wﬁé“gh&ftﬁhhd G%%ﬁge from

subst anty, 'té(:tt?ré {%'ngﬁmz bR §prok Bndlls ¥iGoR bedlOWnsdaiB SPOLERsy The
% the shaft

cannul a a e operator to optimze the curv re 0 based on
t he patmemhﬂuqmaﬁmny, The operator may al so increase or decrease the force

bet ween eIo ate sh ft or cu and the tar i ssue being cut by
ext endi Aé&b PSR e e daris g e ey BB SR s BHGIOT at ur

radi us %m%ta!ﬁééﬁé w&asgefmttbet& Q{IQ@IE%I«%%B& costQOBE e RLLAIMvMARLRE 1 ONS, @
sem -rigid or rigid outer sheath or cannul a positioned over a flexible

curved ekiﬁhlgalt»ems hebich yriizepen dsetic tiieh dige iarigetershalit usydie constustagrieornt t he
curved shaf iThe rzdi us Qf, curvat ur.e may 1 nctriea%iev%herl t he Sty @ itg{;tt _atnd
rigid shé‘%t?‘h Of PEF I S8 SOVt hETRUPTEE PP GRS HREORRIIT UReF AL ¢ he
radi us @ﬁm@pmawﬁeu BEtANSsiliong ESmOTEEM Yadeal mﬁ{ﬁdezb@:ﬁﬁmﬂ@ﬂmﬁhﬁ@e when
retracted fromthe curve portlon of the shaft. 100981The radi us of

curvat uréliged.a fl exi bl e curved el ongate shaft nay be altered in-vivo by

utilizi 1Bogy; adta;ﬂﬁ'a’l%a?th C{ig%ﬂe}.&‘ghgur%ﬁﬂ%&@gﬁ&% S n&u@“? uﬁn&b

Thi s al I'ows 't he op&rator curv on ate
shaf t imn§h§M£i@mg&mﬂo&ﬁﬁ@ﬁﬁeé@nﬁmwabi&ﬁyuﬁﬁh@ﬂ@ﬁbﬂkﬁaﬂthﬁﬂﬁm@ﬂﬁu&mthout
renovi ng the device oré&lo gate shaft fromthe qperative site to change the

radi us GPRIGHGHEL JHIES Of BHODTRKWVeRHAREYVEE O 42900KE o PRI SCHICH PHOEET t he
el ongat %nétli}ﬁ!iﬁt PERYer :bkﬁlt,h 9%’8&:@&1}'@:9&1@} &irpressed air, and evacuation. A standalone

console to transfer the electrical or other pueumatic power may not be required to operate the
cutting device.

0087 In certain variations, a single tube connects the vacuum source to the cutting
device to serve the functions of tissue cutting, evacuation, and to power the mechanisim which
actuates the reciprocating cutter. A single tube simplifies connections required for device
operation and reduces the munber of tubes attached to the device thereby reducing the
“clutter” and unwieldiness caused by multiple tubes and wire connections extending from a
device,

{0088} In certain variations, a splitting connection within the handle may be provided

which connects the vacunm to both a tissue evacnation fube and the vacuum powered



likely to perforate sensitive structures or other tissue during advancenent
to a target tissue or while cutting is being perfornmed. This reduces
suscept i bwbi2o12/@8388nadvert ent contact with tissues that PORUSR@IOIL686 N
unintended injury to the patient. 10001Reci procating a cutter in a
back-and-forth 1110ti 011 may shave and cut tissue by scissoring, it rather
than grabbing and upping tissue as may be the case with certain rotary
cutters or. rat ar?; m‘_ag,hani'ﬂsns or notors. Bac@;a]n\(’imf orth cutti ng action may
shave t &SP hhq SLLTHPERETHONGRN $18e PSRy HPIe (RIS B AU EWE e tension on
the tissugnaRdncONBEAUERLoNdAHABLLRd RGctd S SHEI LRRRR Y [ LIUGH AG:tRBrum

| i kel i hood of bleeding. The excised tissue may then be evacuated through an
evacuat icoratsshafacugn dviiben o Feter € élsuberc of\hedei oumeHh anrp@mmw tonetignmel dagat e

shaft: t. at cl er.sh raan, eva cuati haft w utter at
Tre i scal Bng. St B R oDl BReF KRG R i pop ik ef i g
the | othé Ut DAl soptk HeQfech g BEORERLELENEE EvaciBIHIDEHOPH Li@Agihdbwt bne or

at an angle relative to the vacuum driven mechani sm or notor and the handl e
or chants@Fning. fuhvemurheer sarRahiteetians to i iegesics] oreds thpegchadiiing at an
angl e a'&rﬁ‘%u{%{’& aﬂ@é hits iéi‘ﬁenﬁr&aﬁe dPa‘%\ngcTﬁ éh?ﬂ%%a}?e‘{‘(ﬂél {y &m& Qemg})(}%&
surfaces ca rrera

t hat nayhsalusm«ubﬁe et&;mddwmgestxhe etdissluBseihtduay ty maﬂwemﬁhﬁh@ﬁ% ator'
ease-of-use is inp ﬁved because the endoscope and the cutting device are
not int éﬂtﬁép’i%ﬁﬂvﬁ CHR CHgiher . WO 2012/ 003383PCT/ US2011/ 042686 101021A
cutting ce { dJ diRi | line
R R A R b R e PR ! SRS

el ongat eéxshafcdtivmycipn mhzﬁaxiammue:d*l eiigamehpes dr esamme esclf .:exr; kt{,lnmmper ator.

For exanpl e, when the oper 35;1 g ﬁSl ng a second device, g., an

endos cofERESTHESHT b BT jith Py ‘ghﬁpfh‘é"fé’éﬁe‘“’d}*Ff‘f%‘é‘"“tlr port t hat the

el ongat gged@ft ofink Qﬁuﬁkﬁ bhRg 1 avieR hasRPtered:; oprcﬂx@ort%@u@ec‘bk’fﬁﬁﬁdr@ﬁ

interfere with one anot her. However, by positioning the handle or nd

pi ece atsy %tnmaﬂgh@ng diitd;vetammgmﬁumlbacmaw vém@&Lll@?h@rﬂmgamthamh@ tTélp iamd! si des

of the o }Iﬂg ﬁ f“ ?(%J haf. t tan§ gannec 1 OQ ‘ﬂ* e‘%3

handl e 4 HC{ 1 cUficrrcts alée\ﬁe‘r"&f}“ﬁ‘%ﬁf Bt Eﬂ‘} F‘B“’ PR PHEY %‘1‘? SBE-D

i nter f ergneed t8e HBRUEQHrediB c6RPLeR Niidias kabdtRASr ckfiSiogbengake. haf themay be

actuat abl e, such that the elongate shaft may be noved between a position in

line wi thngolHandesatsof aguaiipnadghemeehaisnpiareior FeY (8 Irned haska AWEMADT t h

recipro h &l oshabdoQh 2 {i ascutter

bl ade atcp%lggtt gng ds{ﬂpl% J?ﬁ'lr%&zﬁmctﬂhie ﬁ’t tlpans aq[ng dl’\al%uxﬁ/]gigl{ﬁlbh%pth Q@Iit& Wﬁ{d-lt AX

Ther ef orepsult thes ppassy bduﬁmﬁ ompe bt Ltbrediitheomad umim; @me&mmahahe s @r not or

at an anﬁl e relative to el ongate shaft of th Furtherggm t he back
t

d
and f or tHY L SRERACTIRES nHE FEhut %1ﬁ‘emewféﬁécn§§{«?%§ﬁﬂaﬁ RGAUIARI on shaf t
al | ows tf_lﬂ;%li@L {%ﬁtéfstéh%ft lef‘y l&hﬁc!ﬁlﬂhitﬂnn)g O %Yd &80 Apﬁn%’{‘)emkr@F r&ik@ c@{nﬁ} al

portion of t , ‘where the shaft is malleab oaI’IowM to be
shaped twodec e@mcmmarmoes yagfoelueahitci L@n’so‘u’ thx tﬂheafanbxtbmp v '15:&31641113?» mcertain
variations, separate conduits may be vi ded. bet 51 q

mechaush or molor actuaies or recfrocates. ese 0‘{)[1011\ al 0“ 1 he device iQ be L“?I”ﬂdd

in a vartety of configurations to suit various swrgical specialties or personal preferences.
[0091]  The cutting devices described herein may have a relatively low mass, providing
ease of use and comfort during short or long procedures. The cutting devices may be easily
sterilized using commonly used sterifization techniguoes such as electron beam radiation,
gamma radiation, or Ethyvlene Oxide gas.

0092} In certain variations, a pneumatic logic sequence that maintains high vacoum

throughout the mechanism, motor or engine cycle by never venting the vacuum source (o the

20



and evacuation |unmen such that vacuum for evacuating tissue is not
interrupted by the nechani smfunction, 101051An anvil conponent nay be

| ocat ed awothe/w@s3sBal end of the elongate shaft. An ext @aFiUSR011042¥8¢ a
"tail") of the anvil may be provided proximal to the cutting wi ndow. The
extension may inprove flexibility of the shaft allow ng the shaft to be

mal | eabl e closer to the distal end of the shaft. The anvil and/or extension

may maintain or provide uide for the evacuation shaft he. cutter
Char ¢ P e f et ik S ATHER FEon o piaish Siah et

ext ensi Qi dhQRIKuaARY Bbes GOIRQNERE WA thd WY HRRIsH @i @VREiphdRNt i re
length or a “portion of its length may be provided. 101061l n certain

vari at i ¢f23ia cmqemgz W@@hﬁmﬁgﬂ@rtuwfmdhwmmy\kbet1p(§?8£‘tutfﬁ‘lﬂeﬁh om tlheraidienof

h | th
i sual *COTRRer Vo RR AR it PRep s Rt orE BReR S PR how

and ti sgu@elhdhy BOMRAt:H A & kAPERGh st kRemither aReRIRE i@f'uﬂ‘éri}@(m&ue-rhl s visual
cont act reduces the |i kellhood of unintentionally causing injury to tissue.

10107 1A <80 ﬁ@%ﬂwwéw Hgyvlisee raplas bunsrbvientisthe Havtuet CRBBHPRYREP ng t he
| umen of; Q&d‘%@&%@é ‘%hé &fn‘;e R&m Jl%lp ﬂéa& ﬂ{?ﬂ@;{?ﬂ enEJ?{ &%Eﬂ%&e cutting

w ndow. € Ccu provi de a

tissue s@dcaderuing devits nﬁngai&%ﬂ;ﬁ& ingspedrpdreed-dfousa fguhd bpémmemu&ti ng
action on_a stral ht sided cutting W ndow. [01081lIn certain variati t he
di stal pPHRETEPIBIT IR Bir digutients HarrelerlpoBee B Issgem anavaie ovenel by nyes \fm
conmpone lojord O R heY @6HGL . , may
O Onell R P oA, By 00 206 O .
fro m fr wmmcomxtia‘t WReL tm:bm ngwamdbm@hsmatpmnﬁhyt he phpongmt wofy bhbeaad id ng

devi ce. S rran nt create a scissoring cutting, action, and/or
al | ow tH}é‘htq‘ @%@gg‘f‘”t‘ﬂag‘é’ SESNE shaft to be flexible and nall eabl e.

Addi tionadddy, t nﬁ‘:&%@} @lfmamsalr&h@lameﬂﬁﬁt&g HOEMEEST sOfreBlrh ] m&@m&@ 8n
possibility that electrical energy nmay be unintentionally transmtted

t hr ough t’tuhféb@hmﬁ pf tthedpagnye bim‘fu rihegoniespatd onthe[dxoot@ieivomekmynast be

el ongat %La{ead i ey 'mlaﬁe Gf%\g (t: & m? dgsqgeuandtlgaqx fiexéosnmgéte& poethes. Qﬁtatl ‘tigaeol_f%%é R
by wires that run the length of the shaft. The power source may include one or more batteries
that provide electrical energy to the distal end of the device. The electrical energy may be
converted 1o heat energy when passed through a heating element such as a tungsten wire.
{0095 As described supra, in certain variations, a cutting device may include a malleable
elongate shaft or at least a partially malleable elongate shatt that that may be hand adjustable.
A flexible or malleable shaft provides access to multiple anatomical locations using a smgle
device, thereby improving cost efficiency and convenience for the operator. One or more
annealed wires may be positioned in an elongate shafi or flexible shaft to allow the shaft to be
manuatly shaped by the user intra-operatively.  Altermatively, malleable tubing may be used
to constract the elongate shaft to allow manual shaping of the shaft. Addivonally, when the
distal end of the elongate shaft is curved toward the cutting window, visibility of the cutting
window {ocation is fmaproved.
0096} In certaim vanations, the elongate shaft may be flexible and a semi-rigid or rigid
outer cannula or sheath may be provided on the shaft 1o change the radius of curvature on the
shaft in a range from substantially straight to curved, in an arc of abowt 180 degrees. The

cannula allows the operator to optimize the curvature of the shaft based on the patient



to the device handle or chanber, which allows the operator to rotate the
shaft without rotating the device handle. [(MAIINn certain variations, one
or nore |WOenR/B3383e.g., nonconcentric |lunens may be pofCTiusa@d/ou2e8¢ he

el ongate shaft (As shown in Fig. 1F.). Nonconcentric |unens may provide
advant ages conpared to single lunen shafts and shafts havi ng concentric

| umens. For exanple, one or More O the lunens may be used fiN the

foll ow n e to rowdeaflwd condujt .for, irri to hold or
Lot ot n GBI R et Bt Rt SRR e Girre borbeaP DR elons BB e en

shaped Qﬁimh.ﬁ}dqp@{a%c@Exbuﬁ%uﬁl@mu@by ehiBRISY BCHARLAR tﬁ@@frﬁuzgirm%’ctr&ﬁﬁ oghaft and
evacuation |unmen; and/or to transmt fluid to treat bl eedi ng, [0111j1In

certain d@@ﬁﬂ@tfh@n@m@md@uﬁa‘dLstat\ﬂtme bUﬁ@ﬁlmwebbafhon contiguous around its

ci rcunf nce dpown_a. porti.on or nt o] N gvac ation shaft
o i mor QUL AT ex STREG RIDe: FeHDET G e pRe RRSa sFruR R eRaver s
evacuat HRRiHIMER Ded £104d:Ad ShaSivhk beg@s@d@ds clang &l 18giud of biidathet MRBRNcIrhed
evacuation shaft and the inside of the marn lunen of the el ongate shaft:

may redybeitt Fee tdiisiof Reodtued mpe dkcages shes therstiaieht sirbigh shensh pressanded end of

w0 2012/ 80535300 bR loHal. YEHETe, PRARFDRALRE RRERG e paRARIEET-,

provi degvhRiseerdishgreoutial x@ﬂaaﬂhﬁﬂ‘eﬁﬁhﬁ ofrved pomonnt t}gu;hmﬁ evacuatl on | unen
and the inside djaneter of a multi-lupmen evacuation shaft or tubing, that
seal s t HBOlr gape B‘Qtl\hé’éﬁ‘“t‘ﬁ%“‘%v&ﬁQﬂ’héﬁﬂ?‘@ cHRgeRBRIE By e gliesd ”F ‘#hage of

ai r 11 owd bR o‘?'a?x? uﬂ'cﬁ?&?dcﬁﬁn QIEB EDSVH S & SnJ% L6 HRidIBWQRENI NG 1N

t he evacuati on~sha ocat ed pr oxi ma e cuttl ng w ndow or
openi ng.opdBki4d Outuige tiad dayiins vArkosard (bfuhcdsl@ngwe kimrap mitu eelgon acebks wered to
t he distal, end of the . . , o ) X
variety of anatomical locations withowt removing the device or elongate shaft from the
operative site to change the radius of curvatuyre.
6099 In certain variations, the distal tp of the elongate shaft may be rounded and less
likely to perforate sensitive structures of other tissue during advancement to a target tissue or
while cutting is being performed. This reduces susceptibility to inadvertent contact with
tissues that may resalt m unintended mjury to the patient,
{6100} Reciprocating a cutter in a back-and-forth motion may shave and cut tissue by
scissoring i rather than grabbmng and ripping tissue as may be the case with certain rotary
cutters or rotary mechanisms or motoers, Back-and-forth cutting action may shave tissue with
less movement of the tissue, which reduces the tension on the tissue and consequent trauma to
the tissue thereby reducing the likelihood of bleeding. The excised tissue may then be
evacuated through an evacuation shaft and into a tissue collection chamber,
j0101] An elongate shaft that includes a cutter shaft or an evacuation shaft with a cutter at
its distal end, which may be reciprocated in a back and forth motion along the longitudingl
axis of the elongate shaft, may be positioned m line or at an angle relative to the vacunm
driven mechanism or motor and the handle or chamber in which the mechanism or motor i
positioned. Positioning at an angle allows the device handle to be positioned away from the
control surfaces, light cord, and any power cables for an endoscope and/or camera that may
alzo be wsed diwring the tissue cuiting procedure. The operator’s ease-of-use 15 improved

becanse the endoscope and the cutting device are not mterfering with one another,
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el ongate shaft where the cutter and wi ndow are positioned. A fluid may be
emtted, via a lunen in the elongate shaft; fromthe distal end of an

el ongat e whabt2/@mB38a tenperature that is | ow enough suchprCimats2ath®4ieBai d can
be used as a bl eeding therapy. A collagen foammy be emtted fromthe
distal end of the elongate shaft as a bl eeding therapy. These are

I nexpensi ve, quick and easy ways to apply a bleeding t herapy or

anti coaggLﬁg a bl eeding site wh g ? bei ng cut. Anti -coaggl ant
subst andBE0%ni t P SHHISSIRY IR ATGNE A RN ﬁéP’ o IH@“"e‘ Wrigat B RFEfed a0 BogpEhdi ng
therapy Ry, 8eaRph best &Rl Yo ARy QRIS LB RE I dithhiba ;hﬁ S epwﬁdg

wi t hout exchangi ng or renovi ng the Cutting device to replace’it with a

separ at emgavied et qon@mnd@eltufasﬁmaqbpIapﬁriaguahtﬂi coagdd. athico tha dyeraipyis vsiBE 2511 n
certain vari.a 1 ONns,, .C UUﬁ]SOU e may
e, provi KIS EE s R B e B Heenaiy Gh Br s Ee R e T B Eper at ed
I ndependgndibyods amitdiehd dasuedaNacuahRmd, Hewbrdepensentnidiit dipakhs and
operation capability of the vacuum powered mechani sm and evacuati on may

al | ow t hgoGpenitpgeveh Btostioste the hendlg onlvad siesn gheariata thefongiedistitaing
device to w%pq%&ﬁt e ¢ ﬂwss‘&?ek 'n?ﬂmpc?&zﬁm (Q}x ﬁ%g&ﬁg@h%é h%ﬁ%d%‘ed 1,048, .even when

t he vacuum power ed IsmiIsS ed or halted,

e.g., vmremetehehd kdng@emditbe ammawmm\ ang pgeil ﬁnﬁukw{ﬁiﬂ.bﬁuﬁuﬂftihiei fpleat®oN to
prevent its reciprocation. 101.1610ptionally, a sin id conduit path
bet ween et n81 WFAOWTAHeRs: Hi t&%&hrﬁ% NIE é"’t‘*ﬁ’é’t““ibhcl’ debatdhe gongaiat i on

shaft angd,yaeuiEnRe %@{\\36’311 sxl?i%n ‘r’ﬁ lihd & Fatlﬁnéi ed gﬁmb'ﬂx%ieath a hh@w

requi renents of the device using air ow Creat “the vacuum to power
bot h t hé®iegd uun¥ hretdvhning rfmxalnchtﬂnmaﬂmgmumtm @ha@ﬁtt{tﬂ%ﬁsﬂﬂe; arl Ot 7t Betshhdrt h

bel ow are addi ti | features or functions that may. be ut ed.or .i.ncl uded
T, Bt PG al GO aERhey PEGRFRRLAGE  FoieRe SibarFer gl D

col | ect i QR GRTREN mmf%ﬁ Recutinl i e@Tnt @ik QW b 18y QE\% 2BERFehBve 1o elongate
i ntraoperatl vely visualize resected tissue in real tine Additi ona? t he

oper at oshaihd! patdeene. Fealerabres thedask enduvethiteriptdgat tc;iemnt;@'t blabe beeny %haff
preV|ous

¥ use%pt I}Uz C%\I uﬁ‘t; S ol lu Cztl evi 2 gb it#g cﬁé@i dual
Chanber ¥ FRETE BT U & % Al TBH skl R EdE R e
portion of the shaft {c.g, where the shaft 1s malleable) to allow it 1o be shaped fo access 4
variety of locations mn the anatomy.
6104] In certain variations, separate conduits may be provided between the mechanism
and evacuation lumen such that vacuum for evacuating tissue is not intervupted by the
mechanism function,
{0105} An anvil component may be located at the distal end of the elongate shaft. An
extension {e.g., a “tail”} of the anvil may be provided proximal to the cutting window, The
extension may improve flexibility of the shaft allowing the shafi to be malleable closer to the
distal end of the shaft. The anvil andfor extension may maintain or provide a guide for the
evacuation shaft or the cutter shaft as it translates or rectprocates axially. In the absence of an
extension, a longer anvil component that may be rigid over #s entire length or a portion of its
length may be provided.
[0106] In certain variations, a cutling opening or window may be positioned on the side of
the elongate shaft. The side positioning allows the operator to maintain visual contact or

visualization on the position of the opening or window and tissue that comes into contact with
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resected fromdifferent |locations in the event it is desired to biopsy the
tissue fromtwo different |ocations in the body 1101201A hi-stable switch
fabri cat eslof2zomopdsasti c, netal or other material and anPelrastéia/osmBé ng nay
be utilized in a mechanismto ensure reliable transition of a Shuttle

pi ston past a vacuum supply port to prevent unstable flutter of the Shuttle
pi ston and consequent nechani smor notor stall. Cptionally a hi-stable
switch fgbrlcated u5|ng ﬁgeet tal with t LE%E 5 k are co ected at one
end but PP WP Re 1 BoERt EHE OB FRHRar af vepEREoY l} fpEsme

provi dedqi i@ 1agparate sheet nmetal legs are then riveted or otherw se
connected to create a bowed sheet netal conponent that is stressed and

hi - st abl{®187dpt i Srealing, winhew smpdreasﬁlepbdetndnmt iﬁ)e uﬂ%dem aniting Gierlgther of r esul t
in a. Si curve

varat | CHESRE BRrrE s £ Puteding Br B dbt it PRRES bl i R
1012110p4 tORBInkden RaB hedhithkef MR Prdve@l PEOGALINGHADLHON: hEN, 8s YRGS Raver ed
mechani sm may be nmechanical |y converted to rotational notion or rotary

osci | | atiugipune cpifigyiRetéon ot anTagdIsider cpgivgryindidei | | ati on mechani cal out put
by the ni s S r t hrough the
cent er g?ﬁpﬁe d{:ﬁ: L\?ixQé 4‘@‘{1&5 ﬁ%é%uﬁ){lg%lt%xf &ﬂ? ehfﬁma eqﬁ}(ﬁh%la i%'ﬁ}%?léhs{ erring

t he mechahi€hbhg @(utmuim;ﬁmf:ﬁrhﬁwﬂmdnam ﬁmutta ﬂﬂ‘il-eh&:ﬂieﬁe ﬁn(aﬁ}eteh&mmﬂ?dlﬁﬁv'e mz}jyb
101231T prevent vacuun1 eakage I n the thin astic seal nm e
mol ded .%ﬁ tEHa ThS SHABEHph 8RY Tedig e el *Batpf ot la& Bwik@w 9msfaatéfé&hﬂﬁvguflhe
thin pl agtis, 368 dtioatl @ptRnbREbEAS Culdhg dbLEX *?p,k i atnE ARG Qr eygg&ba lity..
Thi s may feduce the cost f onponents and assenb b ,

i nprove stzhmmwﬁ&maid; acedm, azlad 1nr oo file madm@hamhasﬂfhm@m ;nhanab by ﬁaﬁﬂbas&mf or med
at a part e used as a ause it is v }%§t in

and f|e>ﬁh5fg*ﬁan5\e‘éw§?‘hé hg ey ﬁ@ “@Bbh‘éf‘?‘f}“‘&f‘” tﬁ‘fhai gRBRIE Hied R P

mai nt ai MhAGieccddl dRke:f ﬂhbﬁxi %‘mﬁ%ﬁ@@ﬁ ERERARENE DU Rk B IRYinRPhLeral |y
be used to create a Seal between nol ded conponents. 1101241in certain

vari ati gaggnta mechani sm may |nclude a Shuttle piston positioned or arranged
adj acent mechani sm

Aol a " Po RS Mo lonk e MIE B B b BRI e S o AR Fe B aan

the pi st@f® deSicedgh@®E oRBhmber, which allows the operator to rotate the shaft withont rotating
the device handle.
{6110} In certain variations, one or more humens 51, e g, nonconcentric lumens may be
positioned m the elongate shaft (As shown in Fig. 1F). Nonconcentric lumens may provide
advantages compared to single lumen shafts and shafis having concentric lumens. For
example, one or more of the lumens may be used for the following purposes: to provide a
fhuid conduit for irrigant; to hold or contain one or more malleable wire(s) to maintain the
shafl curvatare when shaped by the operator; to contain the evacuation shaft or cutter shaft
and evacuation lumen; and/or to transmit fluid fo treat bleeding.
{0111} Incertain vanations, an evacuation humen may be non contiguous around its
circumference down a portion or the entire length of the evacuation shaft 1o improve
flexibility while reducing the hkelthood of kinking the evacoation lomen,
0112} A small gap or a sealing O-ring between the evacuation shaft and the inside of the
main fumen of the elongate shaft, may reduce the likelihood of leakage of suction through the

proximal end of the elongate shaft, which would reduce the suction present at the window.



nore efficient and the flow of air thro gh the device is nore efficient.
This arrangenent nay allow for a smaller, easy to hold and use device. The
shuttl e awo 2dr2oss3spi ston's may be coupl ed by a bi-stabl @eCTristah/0468d251A
spring-l oaded Trigger may directly or indirectly interact with the Shuttle

pi ston or valve to turn the nmechanism"ON' and "OFT.- 'fhis reliably and
consistently- controls the nmechani smfunction. The tri gger may be desi gned
to al ways, st op or with the Cutt shaft I‘OXI to .t ni,ng or
cut ti ng 10 o P, DREPED F e E@ apepal Pgy ?H@MJEH&?&W%B it PRaR I A devi ce

may be li'}%@@bdt:@uu@%(iﬁl19{‘!09 M¥en FROGe L:RIRUE IR B M NERM R LI QNG ity &
device cl eanirng: tool, such as a declogger, may be threaded through the

cut t i ng twking Bwt sats tb¢ a¥ izagbetye eamd@rtwdtmmamaqhd @lmﬁtmfe@umm tpakine afiagsue

evacuat i ear UCt sue e uat | ONn
o on A bR Sreiiondio FRUEIRITILE iR Retle e bRt R R hart (o
a statl ORAEY, I&QRAIRGHLIANT ANhE: beele Wissow su@}kbna& a vacuum port, provides a
| ow cost way to allow back-andforth notion of the evacuation shaft and the

mechani 484 4t hotirtieealisi Yfgi%‘ﬁéiﬁidﬁglla\\ﬁ?ebmilﬁ%ﬁl liveseddy Hl disipandef 81 ot her
t ubi ng d { , t he
evacust CrEBTRARE LR e Buby 3URRIn P D3R By dlth MR pERAIGHORE 170,
t ubi ng myerchangembﬁeehim fﬁ@cﬁmﬁdﬁteedbh% biaajatatiehff antibmpativentaf ist he

evacuation shaft. #01 271The cutting device ma%Ft be desi ned such that
i rri gantodsBeugiorck fhiheriud sanhrcese S p Slepreg abtramt "%Fi@ WEBAPHY Y béuttl ng

W ndow tﬁn%}@f%ﬁﬂﬁe ) G ter Qinnuzhé’ lP{fPéé' ﬂﬁe&h&%@z;@@9%(;?45'4?8:;1%*6;9&91%1\{e

i rrigant 055|b ylng a reservoi irrigant that is
not pr esstki Zetease th;s wai;:tpbe abkmhph é’rdrapxan mmhm\@ehev £ mmmn@mtel eere S

applied to the reservpir |r t flows fr r.es and toward the
sour ce cB‘P*‘H&Eh‘Hr CRAly LR ‘8? ﬁf“&*‘i%”ams‘gm’ﬁ‘d e e é‘é‘?%}\ﬁr‘ﬁh‘*{j’r“ F'Bant that

I s connegiieds 4 Blebsbl AGradNBR, SUGT) Gy dh&tﬁpﬂi'c%g\éd?cﬁtﬂ@otﬁ&tbﬂlsﬂﬁa elg Iigant
flows fromthe syringe and through t t ubi ng toward 't he source of vacuum

Thi s wi [Withenbepchanging Py wEigamy Ihge@nn@tkum trepietonalithy fepowtecisicef t he
device a d it may be problematic such as when

aspi r at 84° ‘éﬁ%tatﬂé‘}%)awf}%ﬁ?“%oél ‘éhpm@%ﬁ‘p%he device is used in the respiratory

passagegyti®. 9. in Whaley: c@mmtg eitfardts fuRdehdEeRaR o O esiieSicara@ngncian’ t
comuni cate. An HHgg reservoir may be located within the handle of the
yd

devi ce gueHidechgtalipy thayspentpayese pychmsnopsl atier tods gpeadstindenradenly

cut 1 ng A Tea RGeSl s SRS ORER Y PB% el et S BT Rt ce or

m cr odebutwew phavied graahieah prod eatchnigoronapaldde &redm&ﬁmtzuﬂmkeubmir@d rtiicon may
optlonalky be gomered by an integrated supply of conpressed air ch as a

CR car tHU44E S8t By ths chlingeleyice & @meﬁﬁé“ﬂ‘f&méj’ﬁﬁﬁ PRI BT Qé?dt % a DC
motor that, @ﬁ&ry?rﬁe»smﬁnﬁ HB\R@&,& JLJ&MMQ% £hidh bg&_ attutlﬁn 1@9{"’19&@ SUpply 40 be used

entlrely to draw tissue Into e cutting w ndow and to evacuate ex‘m sed
tissue txﬁ‘eznelnym ngcmeasmlmgdm cm.wpc owi hgdsha sémab:tpzmnn taprey LI'AIIS emxat:empower

consol e eces FH |de P WEI\ to the device. J Vacuum
Power ed ! anl RRo %18 @ uid conduit path between a cutting mndou AL

source that includes an evacuation shaft and vacuum mechanism may be utilized to reduce the
air flow requirements of the device by using air flow created by the vacuum to power both the
vacuwm mechanism and the evacuation of tissue.

{0117} Set forth below are additional features or functions that may be utihzed or included
with various cutting devices described herein:

j0118] A clear tissue collection chamber may be utilized to allow the operator to

intraoperatively visuahize resected tissue in real time. Additionally, the operator and patient



101291A vacuum powered or driven nechanismor notor used in various of the
cutting devices described herein may be so call ed because it. uses suction
from an iwoDepreAlo3338 external vacuum source to produce MPCEMSAE11/033886 vacuum
mechani sm or notor does not create suction and is not to be confused wth a
vacuum punp. The Vacuumis used to power a nechanismto power a nedical

devi ce which cuts and evacuates tissue. A vacuun}pomered mechani sm
generates the recipr catln atlng \%IOH the cutter. in the device.
The necRERFERIHIE ¥ @@ bilisr éi“ﬁ}‘ﬂ% AT N E?d [ BREF A e U SRERS O i
pressur en@Rr@ne side of a piston and a vacuum (or partial vacuum) on the
opposite side of the piston in the chanber or cylinder in which the piston
i s positiftbridd, PohaBoraver taoaunistichayitgnmoy begrovidebwcepbeld tharei n nay be

referred to act.ion vacuum m.or doubl e action
rechan; Srchsd fuge SRRy RI SR TEM RARRE TEOER FBs HH e T one
Vacuum me@g@gtu;@ﬂmhsngmg@@@teI y applied to either sides of a piston to
cause the 2pl ston to alternately nove back and forth in the direction of the
vacuum (BF20ar t ddi- stﬁézwch ikt fFrse Rigatls mietdror pifco Pgtarihendeelastispr i ng
O 1 e B DG L RuAR 6 ShANELM BRRLHL O BRABELEERL SR Qi BisPp ! NG
action 6 o AniSm or hot of may

use a va@uunm Et@);ﬂ\}' [}M@td;blewﬂﬁ&hﬁﬁhib Iﬁluﬁex&ﬁh@é Shudile gﬁtmzondunhdek;ué;he vacuum i s
vented and the piston is returned to its starting position by a sprjng

[ 01311 OFECHEVSRICAGIFSs | AP ratiund et ’e}é“‘t‘hféb'bﬁ“ %%ﬁblﬁnr&qsibb&iﬁuai W é&t i ons,
as conp . Eef. t:

posi 1 om0 oA RRERRY afthe old Bl ol Mol B LB bt g
r et ur n meshanirsnixiodisthehapeata qushmm :twsanamdn my’etmdemhvm mm:wrmhatzd ics | arge
enough tolgT gra ade ua{)e force goth to rf ttPFg g {) requil[red
of the mb¥ Wotpthee R R F “‘t‘hé“‘r‘-’é& EﬁH’ PI*H*é“* Tt EPABEL on
si ze OfLﬁd%QHQkQDﬁ&Hbﬁ@nﬁﬁﬁh@nhﬁﬁhﬁlh@%@dk@ﬁmﬁﬁﬁhﬁ@k§@hﬁ@sﬁ§k;HGQéporated
into a handhél d device,” The spring on a spring-return notor nust be
adequat ghyiisigzed hese v«etﬂuam way epurepuirhe sqprstonatty slptlssz sq %t:r bm@ifposi tion

with an uat saf ty, i Qver.cone ion_and external
for coa dREAL® BaR @i pA R i Sseiar P o PR GREE SR RL bR B8 o

nmechani sREhakiSmesCHd RethaiRERY Ronvehed keSSt BBnahR talhouR i IEichRani sms i n
di stal and proxiinal positions. The distal position refers to a piston in

the nechapvidhidssiong sropiavaesdlatian aeghiae osiput bundrdnedhanignst al end of the
cutt ing [g%&ce 5\31%((" &QMR{E%HHEWMK %mrmg(!l ﬂnrplﬁ 1% H&Q’ES‘ £ g@e&?f n R(be
escri be 31 t

figures roma viewer's perspe eof t he
figures previthen pifiokntmbihet dé vandeding tid xgh;thaﬂkdbm@;ﬁuimd}&fmgﬂﬁﬁsm ts thde

di stal side. The proximal position refers to a pi ston in the nmechani sm

bei ng nﬁf‘f“vfa’ttélﬁ ¥HAgWdi rection toward the proxi mal end of the cutting

devi ce igyadyi chyfhg., Qﬁqu@&hﬁ r@;}‘ﬁ@*’é & Bensld U@{{;%Qp b RL330GL QUE Gofieh Shows a

Cross s 'ctl nal vi ew of variation of a double action vacuum power ed
mechani slmmomarmmmmﬁm mdmidsacaltxodﬁﬁmmxﬂé:ghﬂne@m@ﬁ; thiepbsnestat m adowe. The
nmechani sm 310. 3A shovvs t he. nechani sm 10

i Elgwl[[ﬂ an%f{u t{wusvidé\“r"‘ig \zze OTIROHENTS R0y

in a pro%HEF HSEFDIEN P HE R G e 3B BHoWS th GoUOF ORISR WPHcuum
pover ed ,0R6HANISH. afd theaydinghdle ROSLELD Reliab Q341 HQILANNT OpRbAMEC Hlash
3A-31 3, the vacuum powered nechani sm 310 includes a drive

formed at a parting line of & mold may be used as a seal because 1t 1s very thin and fleable

and conforms to the geometry of mating components while nmaintaining minimal friction

between components, An O-ring may optionally be nsed to cregte a seal between molded

Components.

0124} In certain variations, a mechanism may include a Shuttle piston positioned or

arranged adjacent to andfor parallel to the drive Piston such that overall mechanism and or

device size is reduced, the transfer of mechanical motion between the pistong is easier and
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pi ston 301 having a piston shaft 302. The drive piston 301 including, at

| east a portion of the piston shaft 302 are positioned within a drive

pi st on chaioizer2/@8383 The drive piston 301 divides or sep&Catusgottilog2eds i ve

pi ston chanmber into a proximal drive piston chanber 307a and a distal drive
pi ston chanber 307b. The drive piston 301 nmay reciprocate proximlly and
distally within the drive piston chanber 307 when vacuum and anbient air

are alternatel p to 0 site sides of the Lve pjston ,I in drive
o1 oton SHARBEILeRamAUE Rror B Doweab S oo shelf e nLy PG BRATEY al ong
Wi th thepdhd Mea Rhalenea30l ndddnd D& &@Repﬁ@iﬁéﬁmﬂg ol 85 aNpiehafdimA0Z My

conduct reciprocating nbtion output. 351A hi-stable swtch 303 is
connect egugied b@@@kﬁ@3EO\mtcbhuttle pi ston 314 and a switch spring 305, The

Pron s LY SRR TS it S8k B PGy o g e St RIS Lol

switch lnsxgmm ﬁm\{\'ﬂ@ﬁuéd}}ah@ml W HRETOF Prioyd ABhbIPASH bb@iiddhy LonBk o8y a
distal position (Fig, 3B), but not when it is in between those two

posi ti omsenawasmﬁ@r@@@r d b aegeniag e eszaadsiopbydetpehi moay Wik et usen
state. Ag.@ w{o‘%ﬁﬁ!u i e gweﬁﬁxg AL Q&Sc?mgﬁat%iéi}f\'lél&ﬁ&l the Witk i H‘é’f’(ﬁbﬁg&
m ni mzes % transrt llt-'1

shut t | e sual et B Jenay naghe fubat hebu@ionnaty Ttdde thauklik key“ indlansi: ‘tdd@lﬁbnﬁﬂ@rﬁ a
proximal to a distal posjtion or vice versa as . the bi-stahle svmtch causes

the shutdrie pleariss f@muahds & deipgaer angha breadeyd theoughdhe rithon wardopy diids| at e
in the c%!ngﬂ% a@hg%%@ti%u@'aﬁﬁ%?h ¢ %fe%s%gﬂg éagga%&mjaa Nl dida8 of RATREr vacuum

supply port & bi sta ésvvlt e actuated by the
drive pm@tmtmhaﬁﬁhaﬂ%mhemmhmplnhve piston 1, and therefore the piston

shaft 3 ve.,i,n ei r xi mal or .di stal directions..Actuati on of
t he bi - 3553&?2 sﬂ%*’t’%‘h”é“g@‘ ‘P‘éé‘ it ‘if‘h“ﬁ‘ﬂ%‘éﬁé‘ﬁ’tc‘é?mf’ﬁ‘é“’%‘ﬁh‘f’t‘i%"“k&}“é‘tﬁon 314 in
ei ther tRg.RESXLARle ARidl 8lBlas &G PRS- pld}@a{&r@m\ &i‘sn&b\er&g {ovepREkSEH@n i n
the proximal direction results in novenent of the shuttle piston in the

pr oxi malfmdln netivh ohtheieaaguabob phadt argll the suthapism wtimnet wrovegeimkingt vibhgicdrirve
plston' distal. dir ti{on of,, the, s jston in
Phe i sl plphas offe! s isbSophpie MR Pogoieriat St B Bledion
314 is peskbi-enRd patH Rirkc@icnyitd @i SRBrsharafer. ThelosPut tltenddingy on 314
includes a shuttle valve 313 or flange which F\q@extend radiall'y therefrom

whi ch sépassbapoie agranigedaie He kenddog Yo ehdrtercurhensial IprOX| nal
shut t ! e||'8_i_ on ?Qﬁa{m he §é\§u}aﬂ% gé?%b%&?ﬁ i sﬁaﬁ%& ?n&n?ﬁ&% t%pﬁgQEi{r1ia§ Hﬂi!tOH

Proxi mal* "shattl e plsdnchrrb d conmmuni ca

pr oxi malis plrresene apihs bpnishanbetin @O dalow @ dpemmermimv&a@mrm photidsdE04!f D st al
shuttl e piston chanber 315 n‘% be in flqu nication wth di stg drive
pi st on EHAHBEE sHOly oF i gaRh S moRbnassEIobY 509 “{‘@ié‘@i"lﬂﬁé’iéiﬁl&{“?‘l‘ dt|di*st on

(314) e ?rléﬁl)ﬂ'f&? el?‘gﬁe Qﬁ&?@})ﬂ@'&g Mb\% 9% r%ﬁu??ﬁlmr( ?Q;Q i.i?@{(ﬁﬁg?%fslmlun

cruci form di sta ent ai'r seal a di cruci form{312),
and a cemtgaai fi@k‘ﬁafrbmcrbmn:emomgndi hemat’adwe,enmmxb Nents:. A0 &\‘Bﬁﬂléaéﬁus tslae

pi ston (*it] ggpeefg fle¢ q#igg]uual{p pfl i cmmec(tea?m) tugg}g when ugggggﬁﬁgphed B he tubing,
irrigant flows from the syringe and through the tubing toward the source of vacuam. This will
ensure the irrigant does not unintentionally How out of the device and leak into the patient
where it may be problematic such as when aspirated by the patient {e.g., when the device is
used 11 the respiratory passages), e.g., where a patient is under general anesthesia and can’t
commuuncate. An wngant reservoir may be located within the handle of the device such that
it mayv be filled by the operator as needed, thereby reducing the number of tubes and

connections that are tethered to the cutting device.



external or internal vacuum source or supply to evacuate the proxi nmal
shuttl e piston chanber 315 andlor the distal shuttle piston chanber 316.
The vacuuwopor2003$38 rmay al | ow for evacuati on by vacuum eCTtuseoipoaeséral
drive piston chanber 307a via the proximl vacuum slot 304 and the proxinmal
shuttl e piston chanber 315. The vacuum port 308 may all ow for evacuati on by
vacuum of the di stal drive piston chanber 307b via the di stal vacuum sl ot
306 and é . di sé shuttle pisto ,c‘h@_ er. ‘316,6 014._01FQ e, Proximal
drive pii ~ I (SEER )T RS OBEP BT R RUAR B INFTORE N ““i AfOFth Gffng
comuni Qﬁtlkmnw &Richigy 82 C&&Ea@b b%/élﬁ h&u@wraﬁurs&;ﬁﬂybm&ﬁﬁ@(@@ UL H0Rd o £808) |
Proxi mal Shuttl’e "pi stoh ):7and proxi mal vacuum sl ot 304. Di stal
drive picsttofeChidnbebate80 7). mmyhzh@umm& oatiedithyo v BEUumontisnadtnates a catter.
comuni ) ; ext er nal ource. vi.a the rt (308),

i sral Sitin v PeshBe gRE W ELR P YRPY UREFEE it dSuciii BROPESBE Epr asence
of vacuufhddie B’ﬁ@i@ ERLuAE LUl BEANhERBIRRIcaS0E B hﬁ@@k In% al Bsediibh enent i al
pressure between the proximal and distal sides of i ston (301) that
resul t s SERRIHBIPRIPRECIEPIEds BY nepRpsaty Pﬁ@PWﬁiﬁ’dW“(EB@”!L‘)heﬁﬁ‘dR? mal |y when anbi ent
air isin the distal drive piston Chanber (30M. Alternately, anbient air
(322) in proximal drive piston Chanber 307a. applies working force to nove
the Pi stioempBRd N adisgt @blvredhdecbhemBicatiabiody i ve pi ston Chanber ' 307b) is
evacuated, 101.411The shuttle p| ston 314 may be transl ated or osi tioned in
a. shutt?b"él st SrraEwamBereEd R drikeR ‘“SHE‘E‘PP’E@?F)‘P%‘PBHs‘\%ﬂ‘\yé’“3%30 SR

agai nst {0e. SQUL L& if%lré?ﬁlﬁm@%% hfed 8 lﬁgesi{;?sje %.ll(g%ﬂ(#ﬁ 59@1&&91{!%{“&?{%{ 33(308)
to allow t he proxi ma iston c arrber 3 J roxi mal

p| st on chanreror80Rgyodae hmwxmcua*fi&:dx doyuo mmrhmnﬂaton NEpLO ddes am @xter naI

vacuum sup{) b Al ternatively, the shuttle is];o 314 ma){ transl ated or
posi ti orfdeH I S hte e ‘"B’iﬁé‘f"éin“ EhavBenr s ReR ¢ YHUBhHETRIOpIRBA val ve
31.3 naxn&ﬁ%sﬁg@w&& mgdﬁgltm le@ vkl ﬁ%ﬂml&cﬁﬁaétﬂ@u@rQXh&EJm ?bﬁ@mef t he
vacuum port (308) to allow the distal shuttle piston chanber and/ or
di st al ao&emmksgmﬂat@hﬁwbew(f@@mbg ontigtabeg evdicn af de cbly%mrthmdzrxae;tl gt Wwith

t he extern vacuum | e.piston cha .
(315 RS e R SRR R B PR s DR 6 908 anc
the Proxiraghstslf dntes Rlcsh@n oCpaiionct3aVa) ik Rbesgh stherioxionln Vacimabl ot
(304). The proximal shuttle piston chanber ?3315) may also allow for fluid
communi GAEYBHlepat Whish thensipR axipawiiiongdi ve pi st on Chanber 307a and ambi ent
alr vvhe Pr l | 9 Nele R

o oL POOKE MR R oo b SR PR P BT L b e
Chanber a(&d:ﬁs)adﬁam hiteoml hbrhabfshuhdioabhmustine akt lomidpebyete it hes Vaﬁumrm Por t
(308) and thg(hD st al drlve |st({|n Chanber (307b) t hrough the Distal Vacuum
Sl ot ( 306)%° UrhBSIHNSE APOSHIFELP- piSH R CRETHIENS tiereyic mw% GWIPET SRt d
communi Gl gn PELIEER iy B ¥l mﬁg G Bi AR (GRATPEE AR ARGnSORLER i
when the 'Di st al I'e Seal . 1sin istal position, i.e., an open
or uns e&bxe;darpdsmtmmk Motddih Thehprioxk manotmbihentseai sprise &l :mzﬁ*ﬁ 9he rmt@ thhie
shuttle piston 314 nmay a ainst. .shuttle block (321 1t rev alrrbl ent
S| o e B HEr TP R R R BB e T AR NG o ST AR
shut t| e ypi;st ARe QJ“&%'E‘?P@J mbRd BayhSe §VAGHR! @UivABOpistoRgn REBX% i BlectEMERAIOr M

(310) can maintain Shuttle piston (314) position concentricity relative to
pr oxi malthesutings vented and the piston 1¢ retumed o its starting position by & spring.

{131} One advantage of using vacuun to move the piston in both directions, as
compared 1o using a spring 1o return the piston to #s starting position, is that the efficiency of
the motor is nearly doubled. A spring return mechanism must have a piston size and cyhoder
volume that is large enough to generate adequate force both to perform the work output
required of the motor as well as 1o compress the retwrn spring. The smaller piston stze of a

double action mechamsm allows the mechamsm to be incorporated into a handheld device.



pi ston chanber (315), e.g.. when the shuttle piston (314) noves to a

proxi mal position and vents anbient- air to the proximal shuttle piston
chanber (W802p12/00838451' The di stal anbient air seal (311) pofi/ush@1ok2e8é | e

pi ston 314 may seal against shuttle block (321) to prevent anbient air

| eakage into distal shuttle piston chanber 316 when the distal shuttle

pi ston chanber (316) is evacuated. Al so, the distal cruciform (312) can

mai nt ai 0. shuttle i‘s‘ton~%l314 gom tion conc r_ltrlﬂ:fl tTy el ative to. distal
shutt | e PESPURE BRAABEIE-{eBEBY ot Pust iiRdetarly Sred 18l ‘sf“&’ﬁf”(‘%‘@lﬁ')"‘%\‘-’/es to
a di st ali;sRosidd QRi@RdyYeRt SdRATR: 8ot AhirehPiolBBy N 8t @LoRbMt L8 4Rl SLQ@Fhal
chanber (316) 101461The vacuum power ed ‘nechani sm 310 may al so i nclude a

Di st al dmu”afempt]@timh@manber Endcap (317) whi ch nmay prevent or mnimze
fluid c i cat.i on bet wee nd the. Distal driv i.st.an Chanber
(. 3070) Wi aar EFERPES BF0r o aud i RGeS sl ot e et fheehe
drive Pizst.op sihaftri§303chadi@s VRS ROWEK Beh! FBGHaR. sme?zﬁﬂalrmmi@hseiemcl ude
a Distal drive piston chanber Endcap Seal (31 ) whi ch may prevent or

i ni m zé0 aRBFEnE the merlegicaybeinp hwdisned Hea dirgtigh t@fvm@éhqadzgebmdcqfd%er Endcap

317 t t
Cnanber (3075 ¢ ‘EvRlRARCr ol 110K e Sunt bR SR SHE M AL BB "
al so i nekeloge fanPs okivrek peispyaive] b (it Ghasbiee ¢ xEﬁQ@m hé Bk mahidectndry

prevent or minimze fluid comuni catl n between anbient air and the

Pr oxi mal& We%ihsﬁeﬁueﬁa%éw 318 iThe REGERIRSHEn Sl taRmEster 88t ng and
bear i ng sunfacs b\é‘hlts.g]n&n%téérdlviedu%k§51 e h pEifohs enlf HAGHA RRYE iR
mechani sm or may al so 1 nc ude a i}OXI rra rive piston anber
Endcap Sdath (hBZxG)@chatMn@humm prewent or nninize arrbl ent al r | eakage
%nd the drive

bet ween {\Qﬁl g}lve ston ‘gnQer ndca égé

Piston & @" 1OV Rihe H*‘tﬁe‘“ﬁ}‘ et advarpaop Pkt SR8 P48 a) i s
evacuat eelyeQ xﬂr&&%ﬂ;@& AR ¥ S Ei%ﬂiﬁ W& n2RB Y 386_kerRG8H A8y hgeendpl at es
or endcaps 317, 319 or shuttle block 321 to prevent or mnimze |oss of

vacuum tecchmbimit 0 abatudsa2 bi-Alabls, swithi 61::311'(3eél%bowdmmtbamems?@nn@f skill in

h haf )
bnacans Paymatadtin! §hle FRuiE R A0S Be 28R SR LR PP Bobet SR B ey

frane, She GiSlaUP@itia casi ng may prow de an outer structure for the vacuum

power ed nmechani sm 310. Anbient air 322 refers to air at atnospheric
pressur éfidich Refepaudpddesat 31 dd. o whempgevarmdrardhanpam i O apgidait dive 322

piston 301 having a piston shaft 302, The drive piston 301 including at least a portion of the
piston shaft 302 are positioned within a drive piston chamber 307, The drive piston 301
divides or separates the drive piston chamber into a proximal drive piston chamber 3073 and a
distal drive piston chamber 307, The drive piston 301 may reciprocate proximally and
distally within the drive piston chamber 307 when vacuum and ambient air are alternately
applied to opposite sides of the drive piston 1 in drive piston chambers 307a and/or 307b.

The piston shaft 302 may reciprocate along with the drive piston 301, and the reciprocating
piston shaft 302 may conduct reciprocating motion output.

[0135] A bi-stable switch 303 is connected or coupled to a shuttle piston 314 and a switch
spring 305, The switch spring 305 may cause the bi-stable switch 303 to quickly transition
from a distal position to a proximal posttion and vice versa. The bi-stable switch is stable
when it is in either a proximal position (Fig. 3A) or a distal position (Fig. 3B), but not when it
is in between those two postiions and therefore the switch resists residence in an in-between

state. Asa wg\uh the mechanisin does not “flutter” or the mechanism minumizes “flotter”



may al so be allowed to flow inside various chanbers of the vacuum powered
mechani sm during use of the nmechanismas described herein. 101501in use or

i n oper atwornpizdessssacuum power ed nmechani sm 310 oper at es POY/US2@naua68s i C
mechani sm nethod or logic that utilizes an external or internal vacuum
source to provide the force to cause reciprocating notion of the drive

pi ston 301 in both proxinmal and distal directions. A bi- stable smﬁtch may
be utillﬁed to tranSftLon the chanisglqs Lt reverses or ch

di rect i O 1D ¥aHST YL DLW ETHIRSS 1 FY AR5 shEtig o8ty ﬁ*a’g S@‘db’é e‘t% "Che

di st al qﬂh‘i %ﬁmﬂk %tlﬁﬂngztﬂﬁoﬁp%m%(yg i Q dRYABHALEH bhE i atfhs EE bYGB3HABK
chanber anbient air is closed to the distal drive piston chanber
307h, vthlwess drtmheme fadten p & ms@némtrieo\ wﬁeﬂ@rroximtmdm anspits tiohe phairbdr  307a
and the v cy i S cI n chanber 3071),
The dri vé bﬁQBRCté(’&\loaﬁb%‘ a&%\%f’lﬂ‘ﬁi gl?aélfbﬁf ‘b%‘%”% ‘%'Hﬁd%’ 08’ t he vacuum i nsi de
the di sgatsfqr | verhpibst@pleGRaRRen3 3Rhe 0fiatci®vdhSigte Shdg sBif dEwHEL 1

pi ston 301 and the anbient air pressure in the proximal cylinder chanber,

on the prorpiige bicad tereiprehepisie HrEcEA Bk in[cole2haaiPesuldstdf t he
differe r t S,

the dri \%;egr}.awstgoﬁ\%&&gjtgn QF gx% tsqa@%f%ng@e?%? a?xguﬁhmf)){ entl«g}? n? He sﬁ ﬂ.ﬁ)lle s,?&]xc %p-{[ac ts

the bi-s# ais}hae tsvprogima3 0B disciddsen@nt. he(idmm&ha@ﬂme aw.é phio303 m@mapwﬂl y
change st ates fron1a pr oxi mal 805|t|on t o distal ition, poving in the
di stal dFieeedn iSHItTR é“’»ﬁ RUSHLH] the Shtepsps e a\?é%‘éﬂm Girgomen SR Pe Péhtﬁ‘?*gt on

314 and Japh dl¥1CAHS entt ReuR it e nt%}xlﬁli tﬁ@dsﬁﬁif&zé&z%m@suﬁg AR AR SF fﬂeon to
a As a result, t

distal positionin't shuttle ¢ e vacuum seal 313 on
t he shu&hMﬁgpu&ﬁmmtﬁﬂdmmmﬂmaﬂbnonnhhé;pamxswuﬁmside of vacuum port 308 to

t he di st |de f th vacuy ort, 308, openi vac 0 308 .to the
pr oxi malt 3‘{% tiwh Ha‘ﬁﬁe?r” R HOGCb PARTAR ¥ g,e ﬁté}‘b‘f}ﬁkﬁ?f’gg’*gdﬁ%‘§7éi“ﬁ?]‘ston
chanber p%%aa m@@ uﬁl@§£¥ﬁ9ﬂé B ACUMMROE by iﬁ@ﬁn&@a »&ﬂﬁi ‘it |théi'éi‘rd/zﬁ Phish on

chanber Al'so, the distal seal 31I on the shuttle piston 314 opens the
ambi ent xamsrmt@?@ dividveric sbm-le ahisserathadbey mipi thmldh,éﬂwgnvls%@wlandmaﬁb} ant

B ont iR ETRiesg P PiavinGl shrGe B ol 50w b 51835 Tne "

drive picsh@fndQlioh REM Jrevaf$ 88y @p;@@ﬁtgmﬁb@nﬁb*mmqmmﬂmu b@ mﬁmw@u
direction, due to the vacuuminside theﬁfrOX|naI drive piston chanber 307a,

on the phesi vhartlestigen shaplbrs 3df v bsitsflsif commumeatonplEntisel driprasionre in

t he di st the distal side of the drive piston
501, Cvo B A R 38 10154 A a r ecult of the differenti al
pr essur got¥at etdhoshuappasion €3 s;}chaa o hbladds | pwampa istngiried Qdr, sedlr(3@, pi st on

Rod or shaft 302 ves throu s dwel | until H\ionta.cts the bi-stable
Swi t ch, PERUSRhGUEHETHISI8E 215k swbe%dtfét%léﬁ e er FyE e ¥s)fP8m a di st al

posi tion, hgﬁ%hgﬁ9&hﬂ@%u9&§%ﬁ&&ﬂxng Sofli-stable switch is attached to the
Shuttle §14 and rapid causes Shuttle 314 to 1110Ve fromits distal

posi ti onfit¥]a pﬁ@”hmmhlpxsm@sdnmﬂmr vacushesuphiytitcee 30 handpebe coiseaed asam t , the
vacuum seal 13. 0n the shuttl e PIStOR 314 ane fromth i st al of the

Vacuum ESF{P3B G HHECHIBRIHET Osiideydf & ﬁ‘é”\?é OBt ‘*%“3 §, “‘6‘6% “H "“t he

vacuum poktnd@8uQtidifandiis tp‘i’f!iﬂfﬁéii&)’iﬂ)epf’ & O CHRMMAHRG0R 8 AvAckate the
distal drive piston chanber 3071), and closin the vacuum’port 308 to the

pr oxi maleveiiaten py sa@wmwﬁhbémgﬂeﬁahnAIps@n ¢ieer oiXTamad ﬂ@e:at’\lm@w mutzhe

Shuttle %é anblen 322 4o ven he, X r|ve
oi st on' cRAnBerEB7 e B B Rl SR e B R o e
Shut t | e ¢ph&tg8n 8&%@&:@5@%& BBt abL e Pk chaBR 3078 vidde disslt ahudm& M@x st on
chanmber 307b.

and the distal shutile piston chamber 316,

0140 For example, Proximal drive piston Chamber (307a) may be evacnated by vacuum

when in {luid communication with the external vacuum source via the Vacuam Port {(308),

Proximal Shuttle piston Chamber {315), and proximal vacuum slot 304, Distal drive piston

30



[ 01551Consequent |y, the mechani sm has conpl eted one cycle and is free to
continue reciprocating as described above by alternating suction or air
pressur e W0 20po3isBe si des of the piston, as |ong as ad@eqUAISRONAE2686N | S
avai l abl e to the nechani sm I|ndeed, the above Steps may repeat as necessary
such that the vacuum powered mechani sm creates a reciprocating notion until
t he vacuum source i s disconnected, turned off, or if the vacuumis

i nadequate to rconme, the for required to nove the. drive, piston 301 or
o the. neerur SOTREER be Srasnfied bynediiapphet M oTEBUTTEPeR PBEREHY ot | on
of the nBRERARLEMIRY dRevildibhl BGd(I0R) atlMpt Qe Sl mﬂmﬁﬁyFQ%_},Q['ittdt(lQﬁzQper ate
or actuate another device, e.g., another nedical device. In Certain

vari at i onsyung ot Fify Resanceohrearube ip Fedtinohdig-eystnahéamben Jigasesitdtexi bl e or

Ty bo dERR0L et oi BetEeh Bfalodrl AR CBelYerar s BRRNCED dyolifablS |

t he hunmanrkiedyekY tehanginRgibe (ghapeehathenshabbientor isexamnligal ®@xkendi ng
or retracting an outer sheath or cannula on the shaft or advancing or

ret r act iphgen hbansbriff0Ta) Adievately apHeerd gird? 2 BRe atasimelHE e mysten ‘stwgej

i npr oved  ARN; rabilLi by 0] e, L B L ShLugtULesHor  w.t.hin, confined
Spaces. Aoy B KV REHnglreLlo 0 fo T Bl e R B M B0t ur o
to posi tilambehgodbsisakaagddof the shaft near a target site. Such

mechani sps,  techni que and devices include those described in US Patent
Appl i cattPbHNos The swalepisies 314 g ds wgalaicd v Pastyaned, 186 3huEE ST ChAbER | s

i ncor porat BN RV aHEr8Rce, | hel & pendish LetMediaR2 & & (RUERQPS
2012/ 003385 HTT UROT T 43686 [ o1 T T Bar s A LREMed e Al BUIRAEES: ol ew
of anot hier vacaningtorg 08 toalldeubt proactidiechutiagisum gavwbeeth | Mesinkd:d jrShkxat  not or
in a proxi ’qal“?o‘ ition,. W | g Fi rgﬁyr{eﬁ B shows .gih.‘e_dpgb_l e action vacuum
pover ed WEEREHITETABIPROEOR) e 4V ehIaiod "y SO RHIsE 07 BT RS(ER AW Fi gure
4A- 4B. Ll v aCUTHRANRS Bt éﬁﬁ&iagmzém #3Qal BE LGS e@oPhsHiiRihed 32 BRMIOT &

pi ston shaft 432. The "piston 431 including at |east a portion of the piston
shaft 43@ster chapawt sicdhrivd th sthitthe @istoy Iviivd 81 3 okarsbaagaBF. thT ke blook (431

chanber adrd arpe At ot e Ht R RTINSO b el BT st [0

reci progati®r Blsex iied hxroandastbat@bty) bt biRulBe bevbinadRicaahanbarnhdsdeahen
vacuum and anbient air are alternately applied to opposite sides of the
pi st on 4"3’41’m}ﬂt*15"6¥313.‘1"~nder chanbers 437a and/ or 437b. The piston 431 and pi ston

shaf t 43{81_my r ?ﬁ% ?1%)39}%1%{&11%@%H&(ﬁ%ﬁ{dﬁﬁ)‘rpﬂf Q&R 1"1%%11&!& %’Siqﬂlla E?IHH (iRauIRY

conduct ‘recrproca not 1 on*ou 0159 roximal s e pin 433 is
connect édnt@nahsHuhihinePdd GO8Thed dhutdlimapitived@sion@ihabdeaGlustteabuby titche

pi ston 431 \Wwhen the ei ston 431 noves in the proximal direction _ancii contacts
the proXirFHTas AR St k1433 T haRiGHEYI GRUBE PISFRD PREWFHE | Shittey plgo pllew 493 by
the pis gﬂlﬁ’d E&RMbhRadidh TRYETRAE pRlxihREISRYELLS R4 bl 8@ OKIcHBAr when

direction.
the Proximal Shuttle Seal {309) is in the proximal position, 1.e., an open or unsealed position.

[0143] The Distal Shuttle piston Chamber {316} may allow for fluid communication
between the Vacuum Port (308) and the Distal drive piston Chamber {307b} through the
Distal Vacuam Slot (306). The Distal Shuttle piston Chamber (310} may allow for fluid
communication between the Distal drive piston Chamber 307b and ambient air when the
Distal Shuttle Seal 311 1s 10 the distal position, Le., an open or uasealed position.

[0144]  The proximal ambient air seal (309} of the shuttle piston 314 may seal against
shuttle block (321) to prevent ambient air leakage into proximal shuttle piston chamber 315
when the proximal shutile piston chamber (313) 13 evacuated.  Also, the proximal craciform

{310} can mamntain shuttle piston (314) position concentricity relative to proximal shuttle



101601A distal shuttle pin 435 is also connected to the shuttle 444. The
distal shuttle pin 435 may be actuated by the piston 431 when the piston
431 noveswOnote3zsgdst al direction and contacts the distacTaiseaiioe26pé n 435.
Actuation of the distal shuttle pin 435 by the piston results in novenent
of the shuffle 444 in the distal direction. |Indeed, novenent of the piston
in the proximal direction results in movenent of the shuttle in the
proximal .dir ctlon cont {’h the p shuffle.pin 433, ile
Tovermeni IS RIS GHsh o VRS shilié BB T TS i £ e RGeS ¢ he
shuttl e Jpstheid §&%zh@f’@@%ﬂap%u\z‘ﬂi@pﬁ@ﬂRﬁcﬁﬁbé’ﬂ'{ﬁ»’ﬂ?}t he distal shuttle pin
435. [01611The shuttle is positioned within a shuttle chanber. The
shuttle lams i ncFddstzhawhigpt dipseab(é) aBe ghutfle pisian, 31 Hreawdsabhzamaysteidend
radi al | separ.at.es or ‘ rrber into a
br o iR 1S BlrshEu SR B G Ea Ple e ST BRGR IR ab S S VRS e

[ 01621 Pripsa inBiiis pikidd @aahnat) A48 abRikedberlsd thd dibdl QBB p;av; &m W th
proxi mal cyli nder chanber 437a via proxi mal shuttle pin slot 434. Proxinal

shut t | e piiptaly hpttledstan 69 4ppevi @é@oi@mtaﬁ@:%ﬂ e @i hurtepisiosxbmabershut t | e

2'hg m‘;g’f (G0, éﬂaﬁzm"i‘h% ?ﬁﬁﬁé’gﬁ@(nmﬁ}cat ek.ain» aﬁ%{%&%ﬁ{%ﬂsﬁzﬁk?&é &mli?ie%m %2?”25'73

via di st dﬁﬂ’fxuﬁfuln& RS kBimKa 63 | DI st aI shuf fle pin slot 436 al so provides
an opem n | n whj ch the distal] sin 7eIWpl n 435 may, transl ate between
proxi malt9Hfd di hayacysas gy m&@@e%@ nEhiEe tﬂeh(ﬁ&wiswag‘fﬂw ®#Nncl ude a

pr oxi nal&ilgigpéiea dc?ﬁ {3 ls?qvhuéll é%%ﬁnﬁew& hillBhi Q'ﬁ%ﬂ jm‘ia’ﬁ: iR beﬂi st al

anbient air s 441 cruci orm a central shaft
connect isngridtheirabdve famnapdnempzsmnmﬁiﬁﬂaﬂ:ﬁ ‘@abuurmdpmim t¢ gﬁﬁ-‘)‘dimgay séadingandiect ed

to an external or in écn{? vacuu QK g. ;‘d@'%l to e ate th fﬁ r oxi mal
shut t | e "CHANDEF A BT GAY PRE dPSE abe *t’l e REYET PAYECC *Phé FECLU Ecm 438
may al | %wef;@gr,m&w@@smm hama&wﬂptnadas sreaqus oply hﬁlﬁ' d}ﬂdﬁ{nﬁﬁ@m;ﬁmﬂé?a

via the proximal shuttle pin slot 434 and e proxi mal shuttle chanber 445.

The vac @m’nup@ﬁtf lerkgecabdtownest e Ihvtahéla«tq mmbyh:mdmuml@@ Bhe admighuaﬁrmyl i nder

chanmber 4 vV be di stal ttIe he distal shuttle
chanber P% &’Kfﬁa‘ﬁfg g& R Ejl fﬁ&(; W@éer‘?%ﬁé\ﬁrb er‘”}t%ée'fa) may be
evacuat qdzm va@hk,umam@;rpd“méd M @lmmmmzm et e intdde stihexiawt ant@pisisacuum
source via the Vacuum Port g438 Proxi mal Shuttl e Chanber (445), and

Pr oxi malClgRbet Fedgphd Bliovhish amayDireteat oOpTimge lugh sbBuncagrbyetvash be

t t I;
PR e e S T S R BN S o Ll g
Pin Sl otan{ $8&)ng darfasenab tief drivadtiston ShafProRh nithe Q,duumomm cohmbaanddva

results in dlfferentlal pressure between th _pr.oxXi and di stal  sides of
the Pi stBHO(29yay plap e igormaherks wgwflé% hepE \g&r‘@ btf-‘ﬁ#é %%f%@m%\l)

pr oxi rmlpt u\%‘&ﬂ BRI Ay t; ir SedkHad N8wHk ftth Ip (Q{Jndpﬂ% 11(}533{7 Q?gap
Al ternatel b ent - an 2) in proxinma (Y nder dnber ~437a applies
wor ki ng {# b%caed tlee drosed’isthe SRS { B1R), (c4¢3,1i)» heh the Erdymahdmy ctmﬁuﬁﬁtimbmﬂy{} Fayder
Chanber .(437Db Il S evacuat ed.
18 evacnated
fO148| The drive piston shaft 302 may seal agamnst the endplates or endeaps 317, 319 ar
shuttle block 321 to prevent or minimize loss of vacoum to ambient air 322, Also, varioos
seals known to person of skill in the art may be utilized to seal the piston shaft against the
endplates or endeaps 317, 319 or shattle block 321,
0149} A shuttle block 321 or other frame, structure, or casing may provide an outer
structure for the vacuum powered mechanism 310, Ambient air 322 refers to air at

atmospheric pressure which is located outside of the vacuum mechanism. Ambient air 322



101661The shuttle 44 may be translated or positioned in a shuttle chanber
such that Shuttle valve 443 can seal against the shuttle block (45 1) to
t he di st avo=0tb#08d83t he vacuum port (438) to all ow t he pPraxiusad119imeBé | e
chanber (445) and proxi mal cylinder chanber (437a) to be evacuated by
communi cating with an external vacuum supply. Alternatively, the shuttle
444 may be translated or positi oned in a shuttle chanber such that t he

shuttle vaI e 4 a | nst th uf f bl ock r oxi mal
oide of Y ‘Wﬁiﬂ“ﬁé ?ﬁwg@y ?bmmqw&ﬁi{* %\8# *Fal%@m%w eéﬁf %‘P‘“ 446) and
distal cyhi,pder oloharReratdszblest ki euacuat ed by comunicating with the
ext ernal vacuum supply. WO 2012/003383PCT/ US2011/ 042686 101671The pr oxi nal

shut t| e {ehdiber in(msa@) nmwamnoWEfxomfm pivetersd mpaghisosit i3oh opeeige e at he Vacuum
Port (418) an € , hir ‘ ant 3 , h _t he Proxi

Chut t1 o PPH TR Ot oo bt or SRR RE <bisebat e ol S8 &) ow
for fluigGenmrbeatd msdalyRemihiendtioadr Rl 4l diadeso Chamaeproddia .and

anbi ent air when the Proximal Shuttle Seal (439) is in the proximal

posi t i onlistal derectigqy. @'p@rﬁf@r*e Emgeaman bp ssiitdon rapoueBtTHeechrYtRIRS SHiatarses
Chanber gﬁﬁ)&wn&y &how for fluid communication between the Vacuum Port
(438) an nd Dr st al Cyl i nder Chai nber (437b) through the Distal shuttle

pi n Sl otie{A36) . Forf dxhmpld, ﬁtealagﬁhﬂtpbhaoﬁhaﬂﬁ&mp(eﬂeﬂcﬁb thaylisal tove fiewonf | ui d
comuni cgtl on between the D| Cylinder Chamber, 437b and anbi ent air when
the Di stBrmbpuiYpdo gewpaty thy “‘F‘Hifﬂ‘ﬁé"ﬁi’%f%tifmﬁési"t‘P6‘?&* mi*bfenfmfa*ﬁ chgethicor

unseal eqPOsiyf 400 Qs&&%ﬁ@ﬁ%m@ WO 5 ﬁ?&@v‘.ﬁﬂtu@ éneﬁ% .e.;&%)na?ﬁuf Ngseputtle

44 may seal agal ns utt e block (4 rev t air [eakage
i nt o prakambd: iﬂﬁuundi thechambe poﬁdsﬁd\méno tiegrprioal dai e g;lsmh&hembha%br ‘(1445)

is evacuated, Als r cruci form 440 can huttl e (444)
posi ti on'¢BHEH fl“ﬁé‘i“t‘? ‘Pt ‘{g“’tiﬁ’%‘r"Bi’i“H&? ‘éﬁd%‘i‘i‘%“‘éﬂgr‘rg‘e “‘Gha By PRy,

when th%hmgért#m(&ﬂfﬂll TR 8RJeo® iR BLQYITRY 1@92%1&{'11@9:11@&% i £¥“§*‘§m @pt air
to the proximal shuttle chamber (445). 101701The distal anbient air seal

(441) oﬂ?”bﬁem?sﬂlﬁ}dtmiuedwﬂmmy theeprox mgd isids of Srubblegiidodk!. (51) to prevent
anbi ent | ea istal. shuttle
ohontor 1134) CPAREGeh il off @ RRisnttt e AR S s S e o iRl
shut t| e 30444} 1808 hlst@MREDRGERT BOT oy ed @kalchvg dweidingl alcosiibi hebichanber
(446), e.g., when the shuttle (444) nmoves to a distal position and vents

ambi ent s#ieh 883 (resite Yedi-sehl trishRanpapidyasnge soI7 MoTha Pracaaipner ed
mechani St p%mﬁlnﬁ%nl@ﬁi tﬂdﬁlbﬁl mrgctu%lr %L 'bp*dlgﬁla ETWE'IEI’?‘R attached to the shuttle

piston 314 and rapidly causes the shuttle 314 to move from a proximal position to distal
position in the shuttle chamber. As a result, the vacuunt seal 313 on the shuttle piston 314
moves from the proximal side of vacuan port 308 to the distal side of the vacuum port 308,
opening the vacuwm port 308 to the proxumal drive piston chamber 3073 to evacuate the
proximat drive piston chamber 307a, and closing the vacuum port 308 to the distal drive
piston chamber 307b. Also, the distal seal 311 on the shuttle piston 314 opens the ambient aiy
322 1o vent the distal drive piston chamber 307h to ambient pressure, and the proximal seal
309 on the shuttle piston 314 closes the ambient air vent to the proximal drive piston chamber
307a.

[0153]  The drive piston 301 then reverses direction and moves in the proximal direction,
due to the vacuum inside the proximal drive piston chamber 307a, on the proximal side of the
drive piston and the ambient air pressure in the distal drive piston chamber, on the distal side

of the drive piston 301,
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(447), which may prevent or mnimze fluid comunication between anbi ent
air and the Distal Cylinder Chanmber (43711) in addition to providing a

seal i ng aw0 2bez0833g surface with the Piston Shaft (432) PCThiS2manmu2éss power ed
mechani sm 430 may al so include a Distal Cylinder Endcap Seal (448), which
may prevent or mnimze anbient air | eakage between the Distal Cylinder
Endcap (447) and the Piston Shaft (432), ¢ g when the D stal Cyl i nder

Chamber 7 evacuated .1101721The vacuu ower ed m.430 nay
T AL B s A TP e ChoR B ione AR v siR
m ni m zeggf | dH*i\q' {£Q5RAN %@Lﬁ;@ﬂ(ﬁ%}%‘@ﬁ@h@ﬂbﬁ 80w &l Ln@Nded DR Phe%t-8Rb1 Oyl | nder

Chanber (437a) in addition to providing a sealing and bearing surface wth
t he Pi st%ntCShamsmemw-fétaﬁ%eswva@mnﬁmdm@&mm pem dge! praiioaltse i ncl ude a

A O TR R R KRS L T SR SRR MU Sl

(432), esmuttiemano bhee BoaxiakaOpbdindet Ghather p hé%ﬁaﬁ; thSsigracHahesdr. As
101731The piston shaft 432. nmay seal against e endpl at es or endca. ps 447,

449 or gHawl deplagern sy *ﬂo@pﬁiwélﬁtﬂedwml nHﬁr@eeﬂ oy ﬂeﬁr digigbuidari ge arrbl ent
3![ |r | |4§(23(} :{?:‘hﬁa% P{)Yta{(ﬁcew%m S;?%Lﬁ)g @Mf bR \Rg{uﬁ{\) ﬁuﬁ,fl%(}gk(}; %131&)@%% hgﬁi i, émnpﬁ} 7. 449

or shut twb ehehliagkds A‘é@sxd@d&%i&r Sty lt0| nﬁafhlam:ﬂhe 451al @m obhkem dhﬁmlew"&t fucture,
or casing may provid.e an outer structure for the vacuum power ed mschanl sm
430. AniSTSHE fm Facipen post afSstorthe aropag! devppsiNeTREbEr Sy rfdseieiroryndlocat ed

out si de «Qf; § v ¢l hani i8R L.
a1 owed 0 11 o e SR PR Tk R AL A R o B RS IR B RN
duri ng usenbé Yfe tomohani {,srmsa& dmisﬁxml;baei] m& el hon fleBiGtlepister 304 clores

operation, the vacuum pow mechani s 0 operates by a pneumatic
mechani $i MHRENGE Gt F‘g'g‘ ﬂé!f“ﬂ%?é"ém ‘t‘“ o u&?e inertial .mass to nmove the

mechani 3y 4s)r oughndeh @iyt 1@%&%&9&@@5 @mﬁwwh%t )y @B8nd hatecus Bsnimeext er nal
or internal "vacuum source to provide the force to cause reciprocating

not i on afciplveatpisstscis@ibeit nbbiatthy Preowitimlucing odiag tragssdicrosoposii, sides of the

piston, as long as adequate vacuum is available to the mechanism Indeed, the above Steps
mayv repeat as necessary such that the vacuum powered mechanism creates a reciprocating
motion until the vacuum source is disconnected, turned off, or if the vacuum v inadequate to
overcome the force required to move the drive piston 301 or if the mechanism 31015 stalled
or stopped.

jo156] The reciprocating motion of the mechamisn may be utilized to actuate a cutting
device or to operate or actuate another device, e.g., another medical device. In certam
variations, cutting device mayv be positioned by mancuvering a flexible o malleable shaft of
the device e.g., manually or automatically. The shaft may be maneuvered or positioned
around sensitive tissues or structures in the human body by changing the shape of the shatt.
For example, extending or retracting an outer sheath or cannula on the shaft or advancing or
retracting the shatt relative to the outer sheath, thereby allowmg mnproved manenverability of
the shatt around structures or within confined spaces may be performed, e.g., allowing a
shafl’s predetermined curvature to position the distal end of the shaft near a target site. Such
mechanisms, techniques and devices include those described in US Patent Application Nos.
11/848,565, 11/848,564, and 11/848 562, each of which 1s incorporated herein by reference in

their entirety for all purposes.



101761For exanple, the vacuum port 438 may be opened to the distal cylinder
Chanber 437b to evacuate the distal cylinder chanber 437b and anmbient air

i s cl osedwoaotm3zdst al cyl i nder chanber 37b, whil e anbipemtusadmn/ouxsse&pened
to the proximal cylinder chanber 437a and the vacuum port is closed to the
proxi mal cylinder chanber 437b, The Piston advances toward a. distal
position due to the vacuunlinside the distal cylinder chanber 437b, on the
di st al ton 431 and the, anbi ent r pressuce i n the. proxinal
il adel b nh oFaihl £ o e R b B dhoBeE v BiTas 275 dhiadSiY oLl
of the diffek ?B\RL@H nWLﬁ*%ﬁHﬁ%r GloRaligd pPkiRRPASHIR, ﬁhﬁ@?n@:& iBerplsthen 431,
the Piston 431 noves through the chanber and contacts the distal. shuttle
pi n 435 dopblasictey vdveushettcral machatisimeveotbr o distptesitiral  position to distal

positio t he,shuttle cha

Bhut 1 o kbt o BE P B RS he ool aed ARr BRI S Ry e s
si de of {ih@aVviagUWRBOHaA3B2. TORGMRO4T hfcNamY LIRS L pcA3Sh bOtht PRt Pxitmal
cylinder chanber 437a to evacuate the prOX|naI cylinder chanber 437a, and
cl osi ng %%h@rwmawib@rwéﬂmw lnglet andies 1. ERA pirigrt3 & Handrsior A@mesiig o, t he
g: :t :: ﬁ'&k%ﬁé‘é?ﬂiﬂﬂﬁf%ﬁe ﬁig%_/;bl»?rn%lﬁ&}gﬂi@xt cﬁza‘tﬁm Qﬂ' (ﬁlﬂta dcﬁsl[ll cl%%déi Lh\{!i?lgéiet lhe 439

on the &habtﬁbeﬂﬁﬁmdms@&uhhapammeﬂbmaht\wﬁmﬁﬂmmxhh&u@t@%@hﬁﬁaﬁy&nﬁﬁer
chanber 437a. 101781It nag be necessary to have adequat? evacuat ed vol une
in the dostdienspryunyand sRBFBIEH A8 Hemalchmppbed HeomosioHdgsad the paoBdat i nue
transl a _ 180 t4 e e om
vaouum BoE e R S L bR WA 57 Y BRI T,
t he shuhmﬁéuﬁémpnmﬂﬁmmpﬁsm&b&t#ahshakemhmtnhqmdebahumnneummon as a result

of the pi. st on t|n .t he dista tt n er.eby . nmovi ng
Che orulBTat g 4 hh SO m D T e & s 4PL 'y pgg%lgsmvaieu&wport
438, shuyhti-Rgeafth tﬁt,h@mac;uwm ﬂrm si@h 95 aknk¥d Inde hrshiamiglec 4@y g | N manner
that avoids or minimzes val ve ter or unwanted fluctuation of the valve

443 bet \A/eetnuprﬁmimlmfmwm stnafﬁ ?po‘s:lttnsm@nsﬁ i rpenghshutiiepisHaatberthe 19091 The
pi ston 431,then reveQSEQ &fﬁ%ﬁn nnve |n the proxi mal direction, due
to the JS&HuH%“H%?H%l 'm§13 N i%@Fﬁ% 1Fm; %ﬂ%@ 437a" on the proxinal

si de of jbignyPi SAQﬁst@ﬂﬂuﬁh%n@W BlsotofndhRSS UhEsHultid DB diTsd @kiaClotMASH
chamber 437b, on the distal side of the piston 431. 101801As a result of
the di f P amitul acpmressduribe pismEd \bfkﬁudbtpmsme* Airgags of the Westgidgeeongdtd, t he
plston S ¢ I a. [ s the
P oxi maitSTRCR ATt A dih 355 Kkbufin b\ FL 3150 ERAL REHRRANGRAT
posi ti onn tr@v B;lh@zm aﬁ?ﬂihe fhasid 44annidne (ﬁLkl&i &haetivh e ladadbeoverfaital tegudtby sithe
vacuum seal é»on t he huttle 444 rove fromthe distal side of the Vacuum
Port 43@8meh@rgsiign Mﬁ S Wy iRVEReTE RELhg uﬂm“p%wpr@emab%ﬁlﬁ@ Vif@™PEE uum
port 438k %pﬁﬁ: %ﬁﬁ@t‘lﬁ Bhreedid Q@iﬁrvlﬁhqm%nﬁzgf 0 pRYACHIEILREL, lﬁw%hﬁlluﬁm i nder
chanber 437b, “and 05|n he 'vacuum port 8 the prOX|n31 cyl I nder
chanber #8iyemahtsd thzt ﬁmrl@rmhm@bm%&tc 148 Qumntdutau Bhuitct digadshdittbgendif.he

anbi ent 422, er..437a tq anbient

ot essur 408G T RBE AR 4HaE P e ket BRER cFaP e 3600t B TR e i
vent to shige Qbﬁ% ali3 Q‘Vﬁhxﬂfée\{ h}‘éll]‘ A ket ARl A0LSLEOAMcH depdfaks BEdRGRESSAry

t o have adequate evacuated volune in the proxinal cyllnder chanber 437a to
cause t hee Pingticoriapdst g oposhtidlpbertie rtémsbqﬁ-”ln@né pelitatahityle ghaebertdé. Shuttl e

ehaner 81 "R MR R R B R M Sl B BB MR S B e

in the proxddrehadb&reCrh On @sxital gallid piafsid B84 NPxRgalRhetionicant actding t he

proxi mal shuttle pin and thereby
provides an opening in which the proximal shuattle pin 433 may translate between proximal

and distal positions.  Distal shuttle chamber 446 may be in fiuid commumication with distal

cylinder chamber 437b via distal shuttle pin slot 436, Distal shuttle pin slot 436 also provides
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noving the shuttle 444, such that shuttle valve 443 conpletely passes
vacuum port 438, shutting off the vacuumto the proximal cylinder chanber
437b, i n wernevoosdsat avoi ds or mnimzes valve flutter @®CTISMEN0EHS6
fluctuation of the valve 443 between proximal and distal positions in the
shuttl e chanmber. 101821Consequently, the nmechani sm has conpl eted one cycle
and is free to continue reci procating as described above by alternating air

pressure on Q i t ston, as Io as ade e v mis

D et apie PeTbBaT hhEhabs S it ohausdoe S s dor bpbad B8 hecessar y
such th%bmghﬁmvacuun1pomered nechanlsn1creates a reC|procat|ng motion unti

t he vacuum source is disconnected, turned off, or if the vacuumis

i nadequdttsio oVke sitwéf &4|4é‘i ey elgo nil@épmememm@mﬂmméimh@'m%t’ﬁ’ﬁ),ﬂmﬁmimmsll n
certain var i uu ni s ma cr.eat ed
Co e HaaR i, ity RS CHE R B B B MR T el SR

adequat @ohecEay 88 dbhee Bhspniso continue noving distally or prOX|naIIy
after the external vacuum source is shut off fromthe Cylinder. The "dead

space” \)61% i epep pestilhE) nory i wpagciahig wfexidienl oy Mivdarvas e 68uTaS an
"accunul at 9@ v Eé‘%tau?ﬁg&‘é ﬁ‘%ﬁm t06R ahgﬂ }94‘9‘Rﬂfth?HﬁtaanYn%ingc!%ﬁ{e?l«’M%f
proxi mal Ty the The ¥ o]

t he val we‘etdamwgbmtt rasammmans ff)f ok onendyvatseudo o dRtietimal Oi8dit! thaahet her
variation, a nethod, of reduci ng pneumatjc valve jnstapility or_flutter

caused By 't K hapipsig syﬁfﬂfﬂrbqawéwﬁﬁ.ﬂﬁfgm@bm vetHaskaalig Y or R BetWBen
states 'p'aﬁlx%eﬁlo%x %k&h%aﬂﬂ?bsskw ofif oft e asBULH, m{a\«ﬁ;e}@ 3 FNGa YRCHLR source

and the opposite side of the shuttle valve tg anbient air. I'S may cause
t he shutshllndx,‘pai det 436 amdvige dintat Hawtli cheetbboif the vacuumand will nore

fully opep the port conngctin ent air. to the Cylinder. 101851The
reci pr 03§{1’ﬁ§ Bt GATBIE ?H&*’mﬁl&ﬂmg fraber VERE W’Q’é&%w&g@na\taéﬂ%f“
cutting.y né% SRiD ot RuAPRIALSI1PThe RGLHAT CaARA DRFARY I8 acBuSh BorARAkIET

medi cal device. In certain variations, cutting device nay be positioned by

rraneuverﬂlwgna Blugsie Bhamber (#af ) eabPoxshdShutk RihSlddd. cé?“etab( ylimdgnual |y or
aut onat i ~Lhe ed. or _posi.tioned .around sensitive
1 soues GRMGE (or PP B vl Be B T BEH S iranGRRy 4 R bR B e shar ¢
For ex armhmm @mﬁ&n@w& Ghictue! PAET43RY ik DIl Sheabdt (Q46)CaaDlsail SRuftlbe
shaft: or advancing or retracting the shaft relative to the outer sheath,

t her eby Pak PERiHEH fsessveatingaeuy et Borimalydmdenchasmar 1343 wlwés 8t ruct ures or

W thi n %@f@g:tg@ﬁl p?eQ ﬁg%t,lw;} 9% S}Rﬁ% 2 Qﬁpd;aﬁg?m;] bat ﬂ? %g%{ﬁﬁcﬂq '&t x?su ts m

predeternlne curva Ion

t ar get Suhﬁnu$m@hhﬂﬁmhaﬂw3hﬁonLéﬁhpuﬁm&ﬁh&ﬂﬂmdﬁmbﬂ@ﬁmlﬁ@ﬁddﬁhﬁﬂd&ﬂmdm
descrlbgggln US Pa*ent glcagjon Nos. 111848, 1/ 848, 564, and
11/ 848 mbgR TBE ATBHCIYsATREE! HbrRL b sk Lbbn & drribeeti s Ry

entiret y, 08 1P hice Y %ﬁﬁ@é% P;%Qﬂ'ﬁ@’%?ﬂ“ﬂ Ty ig?ﬁﬁt_[ DR Qg \‘Wﬂ@u HO0R ?i%?@s} is

vari ation of "a nechanismas 11 rat e Figs. 4A-4B, e shuttle 444 may
start i mvedaigdroxi mal or di stal p03|t|ons. I n certaln varlatlons a smal

hring (Bplshoum) ey, be.uogd, Lo Rosi Ll 0n,Lhe Pl St oR. SRRl Lsahur e
Shuttle valve 443 can seal agamst the shuttle block (451) to the distal side of the vacuum port
{438} to allow the proximal shuttle chamber (443) and proximal cylinder chamber (437a) to
be evacuated by communicating with an external vacuum supply.  Alternatively, the shuttle
444 may be translated or positioned in a shattle chamber such that the shuttle valve 443 may
seal against the shutile block {451) to the proximal side of the vacuum port (438) to allow the
distal shuttle chamber (446) and distal cylinder chamber (437h) to be evacnated by

communicating with the external vacuum supply.



[01871Fi g. 4A shows the shuffle 444 starting in the proximl position. Wen
external vacuumis applied to the nmechani smthrough the Vacuum Port (438),
t he Shuf fwe 20el0pa388443) is on the proxinmal side of the YatwscoiPou168¢ 448)
which results in evacuation of the air in the Distal Cylinder Chanber
(437b): the Distal Shuttle Pin Slot (436). and the D stal Shuttle Chanber
(446) . Consequently the differential pressure on the proxinmal and distal

si des of on 43 ) s th Jston e. distall 1881The
vacuum 8 opl PhePrbHen g Dae B bR s PONSIA oo Beat Uit K G ¢ he
Piston iR ﬁ%{hﬁﬂ P LD ag h&d Ia@rﬁ@%ﬁegwlﬁ&@ CBYnbl meﬁhﬁ:nmsm}w;@%fd@r m wor k.
[ 01891As the Piston 1) noves distally, it contacts the Distal Shuttle

Pi n (435hu@Engimbeest iﬂheliﬁwmmml(%mtw Lhm‘ﬁt@lkﬂﬂ 1‘17% %Orfé?@m for flulve Shut t | e
Val ve (443

e Chan, SHTTHTUGRT batreh 8% R ESEETyRhder b ibst S Sl bl S on

the di stpabxigiadsh@fie mﬁ {@h:arzmrm@;ndxmni]hﬁm\bﬁhaa ﬁ}%ﬂeﬁ@el’m#éﬁ@ﬂ%@(xuéﬁ7b to
cause the Piston (43 .) o continue translating distally after the Shuttle

Val ve (488981shutke Bisfalvauileh ebenetig) suglaligivder dedcharisesaan spvsen 1 t he

di stal G\y{thnqu{‘)I‘?C(?%%)a%dééé F)t?a ;ﬂiq;l'l%]iél&s han %l g-F"‘ﬂ (S/vlh??rig{Hﬂ% DTR’%% utgi' ?) @l ly,

the Dista 1) opens rom out si de

of the heRam:) smh@ohhhmutﬁsé ot:zmhse;dﬂ&s ahmsa ey fuf f‘ihhﬁmﬁhzamz&mi&ndeefm Il the
evacuated volune including the Di's Q/I i nder  Chanher %437b? t he Di stal

Shut t | e e P**sﬂ&\f‘ieszi%éi‘hdﬂaﬁa%ﬂ?eﬁfﬁ §‘t‘ w‘*fsﬁatlfqnéh‘z}?aﬁﬁé«‘m le4wp! Hialdr theonal 1y,
the Proxjan 5)0@%'&91%@ a%'@§§%9{mfe41%8}mﬁh&§es and the Shuttle Valve (443)

opens the vacuum por’t oxl mal side of the nechanismand/or to
t he pr o>{{)tﬁ§1| cylfhxnpk@mxmﬁantbmm 46%aa¥ (491 92 ficheuSkutitthey Mal appirdda)tlaoves to

t he dIS t he cuum, Port (438) which.re ts.in cualon of the
air in tﬁé‘;‘ ﬁ“%’r&f“e&} *1“?.18&‘?‘ *&4&%? H(*a)ﬁvaﬁjmdh*f@ﬂ@%ﬁ}swlhw44@ﬁ P pin Sl ot
(434), %&1&1@ EsHRE QX HIBIbe St @ viharmaer ALA4AR) prdRRRRIME kY448 N&n

di fferenti al
maintan shuttie (444) position concentricity relative to proximal shuttle chamber (443}, e.g.,

when the shuttle {444} moves to a proximal position and vents ambient air 1o the proximal
shuttle chamber {445},

[0170] The distal ambient awr seal (441) of the shuttle 444 may seal agamnst shuttle block
{51) to prevent ambient air leakage into distal shuttle chamber 446 when the distal shuttle
chambey (446) is evacuated. Also, the distal cruciform (442} can maintain shuttie (444)
position concentricity relative to distal shuttle chamber (446}, e g, when the shuttle (444}
moves 10 a distal position and vents ambient air to the distal shuttle chamber (446).

{0171}  The vacuum powered mechanism 430 may alse include a Distal Cylinder Endeap
{447}, which may prevent or nunimize fluid commmunication between ambient air and the
Distal Cylinder Chamber (437b) in addition to providing a sealmg and bearing surface with
the Piston Shaft (432). The vacuum powered mechamism 430 may also include a Distal
Cylinder Endcap Seal {448}, which may prevent or mininize ambient awr leakage between the
Distal Cylinder Endcap (447) and the Piston Shaft (432), ¢ g., when the Distal Cyhnder
Chamber {437b) is evacuated.

j01724 The vacuum powered mechanism 430 may also include a Proximal Cylinder
Endeap (449}, which may prevent or minimize fluid communication between ambient air and

the Proximal Cylinder Chamber (4373) in addition to providing a sealing and bearing surface

2
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pressure on the proximl and distal sides of the Piston (431 causes the

pi ston to nove proximally. 101931As the Piston (431) noves proxinmally, it
cont act s wheoPrwsisaal Shuttle Pin (433) and noves the Skramtuseo1lA42636
proximally. As a result, the Shuttle Valve (443) closes off the Vacuum Port
(438) to the proximal side of thetnechanismor to the proximal cylinder
chanber 437a, 101941It may be necessary to have adequate evacuat ed vol une

on the pr. the chamber or rOXI | i nder, chamber
9570t o LLE P BT 5 BT S RO RSP A A PG § ot Cor € he
Shut tl e pyalivgi C¢hdler BRUES Qaf w\‘i@‘? WURH Rat BRBLQ¥ nTBmist §8bRE: diPgaREhani sm
or to the proximal cylinder nber 437a. [01951As the Shuttle (444) noves

pr oxi malbepyeen e Prosinatdlyiindbi onicaph $498exl thezi’w)n D3t b eql | wvenghdi ent ai r

from outgsi de mto flowinto the proximal side of the
mechani éﬁ?ﬂﬂﬁp{ f‘““eﬁf@ﬂ%@s (S“t'@dq GICUHEi ncl uding the Proximal CQ nder
Chanber [(#81a) , ThdgisBhoxhirak? ﬁiytséil%w’ﬁhﬁ 8 QdplASA) coddihs tilve Foexishmtie
Shuttl e Chanber (445). Additional I;{ t he Di stal Anbi ent Air Seal (441)

cl oses é&ﬁ@?\t‘ﬁé SRUTEOTRIReiZE has)! visaRe to pabient ol e podse, 83ftféi’§t’3h?é’%d| st al
si de of ;the. g/ | J he
shutt e X ix'l‘??gg% émkfi‘i % ah u‘?n%e i ;ec% \C‘QEI%%‘ ﬁ%'ﬂ Cﬁiﬁ r%‘} it %%%%;?&J
resul ts g emﬁda@\ ma’i;hamwsmlb&mguk eiur ned to the starting position descri bed

above. Consequent Y, mechani sm_has conpl eted gne cycl e, nd is free to
conti nudt i précsatiﬁf%@*% V<& o s o RICHEe, |%he%maza@&u CANHE-TUm i s

avai | ab's&zéﬁf&ﬁ?tﬂ%ﬂ%ﬁ%ﬁ z)?n?ng%g%?eﬂlﬁh%ﬁeé S\rﬁxi %ﬁq&%‘é’l@t@&ttﬂ%‘{r gyariation of

a vacuum power ed mec not or 1 nc a spring return
mechani simoedphgric pissihowsichheloreet anisgimolilishy aaud?mﬁ)emaﬁﬁﬁcahamams thanbiemg or

r oxi mal itio Fi 5B shaows the npechani with a Pistqoqn 561 in a
P di st a|gurpo’§.|n[hi\x ﬂso fa ﬁlowe% to flow mm?le mrtmus Lhdmgem u? rpt, Yacuum p(}wereg,

mechanism during use of the mechanism as described herem,

[0175] In use or in operation, the vacwun powered mechanism 430 operates by a
prenmatic mechanism, method or logic that does not require inertial mass to move the
mechamsm through transition (such as a flywheel) and that uses an external or internal
vacuum sowrce to provide the force to cause reciprocating motion of the piston 31 in both
proximal and distal directions.

0176} For example, the vacuum port 438 may be opened to the distal cyvlinder chamber
437b to evacuate the distal cylinder chamber 437b and ambient awr 1s closed to the distal
cylmder chamber 37b, while ambient air 1s opened to the proximal evlinder chamber 437a and
the vacuun port 15 closed to the proximal cvlinder chamber 437b.  The Piston advances
toward a distal position due to the vacupm inside the distal eyvlinder chamber 437b, on the
distal side of the piston 431 and the ambient air pressure i the proximal cylinder chamber, on
the proximal side of the piston 431,

[0177]  As aresult of the differential pressure created on opposite sides of the piston 431,
the Piston 431 moves through the chamber and contacts the distal shuttle pin 435, causing the
shutile 444 1o move from a proximal position to distal position in the shottle chamber. Asa
result, the vacuum seal 443 on the shuttle 444 moves from the proximal side of vacuum port
438 to the distal side of the vacwan port 38, opening the vacuum port 438 to the proximal

cylinder chamber 4373 to evacuate the proximal evlinder chamber 4374, and closing the



01981Refe,rring to Figure 5A-5B, the vacuum powered nechani sm 560 i ncl udes
a piston 561 having a piston shaft 62. The piston 561 including at |east a
porti on oVothe/qsisBon shaft 562 are positioned wthin aPcylusadensmianber
581. The piston 561 divides or separates the cylinder chanber 581 into a
proxi mal cylinder chanber 58la and a distal cylinder chanber 58 I b, The

pi ston 561 may reciprocate distally within the cylinder chanber 581 mhen

t he distal side th i ston.5 S ev cuat o] I Ilnd
Chanber "887Pre 85 it hanii e sboater W55 oo i sriiyd Bl iBLEne on
the pr Ox%lirmlpuﬁ e u@kﬁndrhﬁr RS EOnPRE iallc Qhﬁé&@ cREAKSBI7H &Y b BidR! pr@*ﬂﬂﬁber
58la. Cylinder chanber 58la may be open to anbient air or nay al ways be
open t o aadiieanoxigial qeaTHe@ ph Greohuilealfit cB68s drapmbert prrocsitte tal wnginwitt h t he

pi ston 56 % H% ?e recrprocatrng, pi ston shaft 565 may conduct

recrproéé ?%% laa] oﬁtput The piston shaft may serve to transmt the

noti on fipprejt hepphstimedssshiteo NBENARLSM oilcittd vaRARAR A SHkh] ¢8inB62 may be
connected to the Piston (561) and the shuttle 562 may reciprocate al ong

with t hehppbeich? BGQCNF?\éhﬁsEHﬁ@{lk@@@%%*yu%éﬁ%@l%r%ﬁ% e ahashine Yalve
chamber lu.{‘(}%: §e%£¢1‘u’t% .Iuﬁ%ég;gef? nP(o?M“éBrh ér?&% 12 hﬁﬂ%g c“h@% Wi e, PRY RS,

i ntegra exten he e rom he sea

fl ange 56&11’@E!&Vt%@@s&uﬁiesiaah.thexttweWtr&iﬁﬁiiéﬂﬁlh@ﬁki%ﬁﬁ&ﬁ@ﬂd&slatreﬂ(uﬁM)h@nd t he
D stal Cylinder Chanber ‘g81b when the Distal Cylijnder %nber 581b) is
evacuat S8V BRIOREPNSEHIL e A skgde ﬁ@yﬂ@r%ﬁ%ﬁ%@& the Pgis ik seshgpatpi n

(580) tQugy QQaIBQ%?'%ﬁﬁ&WEFéh g&eﬁégﬂﬁgﬁwﬂ \AF*ISQS&}HM treoif ﬁ@%kczz*;@%p&%ﬁ%ismt tle

may al so Include a s e integral to the shuttle
and/ or nrElndxichadbaraldiial rhymmkne:r whtromds T ensxlmutftslxai\wdﬁuzer bbdnwmyedsepar at e or

di vide t eshutt into a | ..shuttle cha 88, qn the
pr OXi naﬁﬂvgrlﬁa%r’ r%hé&@aﬁ?é baigvEen oy "Qd\rggl&%ﬁ“s}’h’a‘r‘f’ pingd aﬁﬁ‘gﬁ“ g*é@%ﬁ t he
distal shgmjof thepiahve; 38 relt t?f?&a%‘rlélﬁrkrﬁan\tiaﬁ)éfﬁrs%ﬂwﬁfr@%hﬁ@ﬁir@it%ﬁathua t‘rﬁh' ch

may seal, eg , against the shuttle block 578, to the ‘distal or proximal

si de of thmemdumtlaruire@}ﬁdmwm@mfhtﬂibret3@h1§rt~t4% Yay ol e ;E@ﬂmhydmbf\hﬁ dresten mwlal to
t he pr ox sta uit, 572 l.conduit 572,
and ©he b SpFn e Mo iannn i SR Sty AS0RR Dt P & wF P he

di stal c¢glki nder chanber 581b to be evacuated by communi cating with an
external vacuum supp lY 102011The shuttl e val ve 564 nmay al so provi de a seal
to the dif¥ spge rorihdheifprpuganegive soed o dpenite Heedifdhapiswsriddi t

572. 3ndd sl Aoyl lar RATPE L SBHBst BRI Sachl e GROSHAL 57 Lo

al | ow t he' er T e open 02021The
pi st on shafit pﬁﬁﬁ?mmb@ thategiald4d @ tbee ﬁb&tm;rmﬁéu anitiches prcﬁxmﬂqimemd of
the piston shaft 565 and integral to the distal PI ston shaft 570 (| ., the
ext er nal'® &srsmﬁ SEmbHe i SeH dharacusgseplgdadhathutiet o wpys téﬁ’aft?f t he

pl ston %}'@ lt‘s](ég;? 'ﬂl‘f\' §nlltlt§‘f¥ b(%l B% {'H.iﬂt, ﬁ!’g‘{ﬁi%eﬂ ch(gﬁl)re l. ll i)nlt {{% O 8“%%@1&'3' ston

Shaf t (565) serves to contact e distal end o 62) to
not i vat eacturppoent Atk she whien oy h:eﬁethamim 561 tamdicpiis rin:rﬁrﬁhmﬁm&rﬁﬁthan@ur
transl at I lg anq h;sﬁu\pt{?g Zr(%rcqr%!m g()jeltir %; o i?xe proximal cylinder chamber 437b. Also, the
Proximal Seal 439 on the Shuttle 444 opens the ambient air 422 to vent the proximal Cylinder
chamber 437a to ambient pressure, and the Distal Seal 441 on the Shuttle 444 closes the
ambient air vent to the distal cvlinder chamber 4375,
{0181} Again, it may be necessary to have adequate evacuated volume in the proximal
cyhnder chamber 4372 to cause the Piston (431) to continue translating proximally after the
Shustle Valve (443) shuts off vacuum from vacuum port 438 to the proximal cvlinder
chamber 437a. This may ensure that the shuttle 444 continues to translate m the proximal

divection as a result of the moving piston contacting the proximal shuttle pin and thereby



[ 02031The piston shaft 565 nmay al so include a Distal Seal Flange (567),
which may extend radially therefrom The distal seal flange 567 may seal
anbi ent awo 20r/aBE83r et urn spring chanber 584, sealing ofPCTiUsSROIMME26861 Spring
chanber 584 fromthe shuttle vacuum chanber 583. The distal seal flange may
al so pnmvide a surface for a Retum Spring (568) to act upon to notivate or
translate the Piston Shaft (565) proximally or in the proximal direction

during a return tro 102 41ARturnHrin 568 ositioned in the
ot ur s ST e EHHEA T A A R Sl e ErA AT B VBT BRI 8581 ng

during thedhshahe %cﬁ@lﬂﬁo@ﬁu fth%mﬁ‘iﬁ%bﬁ%’ﬂk‘? Dharhbe® 43 7MNE MR (RhiSEBRIsARd pi ston
shaft are noved in the distal direction. The nmechani cal energy is rel eased

when t heniRetigeny €$p?r ﬁwg:i 568wttty HuasatidverPhstdve ShHabarwsseppriosd mad tgtadlur i ng
the retur ntstro g % t[ &h hanl sm [02051The mechani sm 560 may i nclude a
Distal EfAg"PIaYe"{ 588)° Whith serves as a distal stop for the Return Spring

(568). X009 1Theomgmh S e ORI Ym Ma$ CorhPielel @8e ¥ Ak ANE isTRRAY Lo Stinud
Proxi mal Conduit (571) rmay provide a connection or conduit for fluid

comuni éattrm@ﬁafb@taﬁei@wﬁﬁé app gty alepating e raramsen qPBSsiEF)desnd the mdpalasel

Condui t k(&l%)ddeﬁm% %ﬁx#unqg) w(rial‘f a ;e(é?;%? me&ﬁ Isfl€ r‘%}%{%}(‘gg‘ﬁ%@ﬁé : gf’)){mp fe%ghde a

connecti orr or COMMunNI CAt I on uttle
Chanber af 28&)ksaangudbtatRes edduel oonded dedtarnd)n crddies PacghbakinPonrdivhtun(ib73)
nmay pr OVI de a connectiogn or conduit f(%r fluid conmunj %%éi on between the

Pr oxi malt OO EUESOPRR Y 19 igrrpneed prsed ptoaridthier apwypys U BHtrCoipg the
Condui t 4 it to allow anbient air to vent proxinal
shut t | eiéﬁzn%%l%ééig&gﬁ% 1%@9{?@@@}” i nder Chanber (58 depending on the

posi ti onfdiRp|of Bmmire wvatives 6y mednammzeuﬁm&cﬂlemdmsm shcnoonday be &ERed

102071The Vacuu Por.t %% ﬁonnect s t hﬁﬁma} ’5@‘3 sm to an external v

sour ce  dhENePRELEIES UhE Bl PAO T AL Raa ey SevRelp cruedtal

cyli ndermﬁmm%né&lpmdﬁ@%wzﬂgxg}ﬁg{;hﬁiw@ﬁwth@mz@gmp{ ao%bﬂxtsrohﬁ:c\{@ézﬁ@aﬁm

relative to the distal conduit 081The mechani sm 560 nmay al so

i ncl ude froRBedrningpy. i Hg “Vierd siesT byolwhe ohthv omdmither distal end of the Cylinder
serves as an “accumulator” that encourages the Piston to continue moving distally or
proximally thereby elinunating the need for mass to create inertia to move the valve through
transitions from one state to another.
[6184] In another variation, a method of reducing pneomatic valve mstability or Hatter
caused by the valve or Shuttle attemipting to move back and forth between states includes
exposing one side of the shattle valve to the vacuum source and the opposite side of the
shuttle valve to ambient air. This may cause the shuttle valve to move m the direction of the
vacuum and will more fully open the port connecting the ambient air to the Cylinder.
[0185%]  The reciprocating motion of the mechanism may be utilized {o actuate a cutting
device or to operate or actuate another device, e.g., another medical device. In certamn
variations, cutting device may be positioned by maneuvenng a flexible or malleable shaft of
the device e.g., manually or automatically. The shaft may be maneuvered or positioned
around sensitive fissues or structures in the human body by changing the shape of the shaft.
For example, exending or retracting an owter sheath or cannula on the shaft or advancing or
retracting the shaft relative 1o the outer sheath, thereby allowing improved maneuverability of
the shaft around structures or within confined spaces may be performed, e.g., allowing a

shaft’s predetermined curvature to position the distal end of the shadt near a target site. Such
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Return Spring Chanber (584) to anmbient air to maintain a.nbient air
pressure in the Return Spring Chanber (584) as the chanber changes vol une
due to cowpremgiodss3and extension of the Return Spring (P6E8)uS20ihe4188¢ ur n
spring chanber 84 contains the return spring 68. The return spring chanber
84 may be or may always be at anbient pressure via the return spring vent
76. WD 2012/ 003383PCT/ US2011/ 042686 102091A Distal Parallel Conch it (77)

may al so be provided. The distal | ui.t n Artithct
o QHCH 16 RS T Bco T e e in (S parapT E10edtisar 1 7
may be pliuggedsalityesdi ahdl 1 80€ 5P 1:08h §OVMEE is 202D OLAMRENRB| saehack 578
or ot her frame structure or casi ng my pI’OVI de anh outer structure to .r

t he vacmlﬂﬁ@emetbé@k Ftepraicsm 560 _ Anbient air 522 refers to air at

B s OB L e B S PS8 g PR S BRUE s

chanber s; 0851 iie sMadsum BAVRedn IRCHBRINGILHMR{D Godisehs0fin theimeshanhsm as
described herein. 102111A Distal Stop Pin (579) provides a distal stop for

t he Shutsfiaé spewgik%ylltpvxeth bangediepeitiay thagisky wd withe fetBhentncecss )

beyond 1, e distal stop pin 579. [02121A Proximal Stop Pin
and Bal Ipqﬁ ip‘?% h gég))"moq provide a proximal stop for the Shuttle (562)

when i n [0 aCt i o 8 shbes Breakimeli4Seal:idd iangepoRbd) poditien. B&lﬂen Rkisager
provi des nor mal for:fe on the Shuttle to |ncrease t he f? uired to
trans| at'@c¥ IsswBted © fﬁ‘laﬁeﬁeﬂwﬂ fHevEbPe PERGET R Bl 1R ec{gﬁt%@""«‘}
likelih I 4
bet een oy b u Aak iy B 4 e R PR LIS M I,
di st al dhstdtﬁ‘tiuﬁﬁﬁ(‘ hammﬁams D $2isth! Wtﬂmﬁmr&%@*{aﬂ@eandﬁ‘xBIbgtabe}txeﬁimat es

between nbi ent re to notivate the Pis istally
when t hé iﬂ@ﬁ | PRAERU S8 £ S PIesh oy e UATARUS b 56T g e
Return $mrp;aen(éﬁﬁ)gdﬁesw;ﬁlyeﬁ%fneeL Risstion Shaft (562) and/or piston 61
proxi mally when the D stal Cylinder Chanber 581b is at anbi ent pressure.

j0188] "fhr:, vacuam may apply a force greater than the fictional forces acting on the
Piston in addition to the forces required by the mechanism to perform work.

{0189 As the Piston {431) moves distally, it contacts the Distal Shuttle Pin (435) and
moves the Shuitle (444) distally. As a result, the Shuttle Valve (443) closes off the Vacuum
Port {43R8) to the distal side of the mechanism.

j0194] It may be necessary to have adequate evacnated volume on the distal side of the
chamber or in the distal evlinder chamber 437b to cause the Piston (431} to continue
transiating distally after the Shaitle Valve (443) shuts off vacuam to the distal side of' the
mechanism or to the distal cylinder chamber 437b.

[0191] As the Shutile (444) moves distally, the Distal Ambient Air Seal (441) opens to
allow ambient air from outside of the mechanism to flow into the distal side of the mechanism
and fill the evacuated volume inclading the Dstal Cylinder Chamber (437h), the Distal
Shuttle Pin Slot (436), and the Distal Shuttle Chamber (446}, Additionally, the Proximal
Ambient Air Seal (439) closes and the Shuttle Valve {(443) opens the vacuum port 438 to the
proximat side of the mechanism andfor {o the proximal cyhinder chamber 437a.

j0192] The Shuttle Valve (443) moves to the distal side of the Vacuum Port (438) which
results in evacuation of the air in the Proximal Cylinder Chamber (4374}, the Proximal Shuttle

Pin Slot (434), and the Proximal Shuttle Chamber (443). Consequently, the differential
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102141The Proxi mal Shuttle Chanber (588) may be at anbi ent pressure or may
al ways be at anbient pressure. The Shuttle Vacuum Chanber (583) nay be
evacuat edwonora3mBways be evacuat ed when an external vRCUNISREIOOIIH86 1 S
connected to the Vacuum Pon. (575). 102151l n use or in operation, the
vacuum power ed nechani sm 560 operates by a pneumatic nechani sm nethod or

| ogi ¢ whereby a vacuun1nechanisn1valve sequence includes shutting off the
vacuum source fromthe & ? i nder chanber 81lb or the mechanismto

al | ow t RESSHELHANE BroFe r"H gb‘“"i F’é’eﬁ%‘ée gé‘é‘?“cﬁ*‘éh ) UERAhE PREREP i *the vacuum
source tp.,aphiignt pressure. As a result, the vacuum pressure remains
conS|stent inthe cutting and evacuatlon system portion of the device. The
pneunat it¢1 4 chans 8m Pisten b ) srovies giosithaly. & phstonhsyoramitthattiedbe s+ 3ot

et 0 R R R e S R R R e

the for ogch@mGRUS@s8ee I ORI NGIRRIFkIRNuELaORS @Hib B&LHORANGydeet Urn
spring to prOV|de the force to cause reciprocating notion in the reverse

di rect i shamBsr 43del ude the fol | owi ng steps. 102161For exanple, a vacuun1nay
be open he S, ed to
t hat pchzﬁ’r@“ﬁ. Tﬁ n?eéq setﬂb%né 1 el[) gxgeﬁ'ggg{latg’ @%ﬁu}@(‘gb'\? lﬁ%?lﬁg% %umhl su% 195

di stal pesiianonr due th@pﬂh&na&&@ljnﬁﬁrlah&uﬁﬂ Bhe woiskat w(}ydtmﬂ(iﬁ%ﬁ} ﬁhambeﬁe 521b
and anbi ent, pressure jn the nder chanber 58la, on the proxim

or
si de of WAHEAPREFERITEER ey thacibuét&v\aﬁee?%ﬁ% sligtts pRaapRESt BritsproaBHpidsdes t he
Conpr es g4 00300t Ao 8he %‘%ﬁx?aitcgﬁn ?EH&!H‘;J:QW"? should or may be great
enough to overcone frict to conpress the Conpression Spring
568. [OZQEEMMenAtﬁmEﬁmﬁhﬂﬂ4§&hownMﬂevnmﬁetpe§knmn5£&nmmmtaﬁﬁsnshuﬁtIe 562

and advances the Shuyt.tle.562 such that shuttle val ve 564 .cuts off t he
vacuum tO8CHHE 3YPEE ‘é‘H”@l“?‘HH‘é? @ehé‘wé%ﬁegw s O tipe @BHE‘F@&%\“HH Wt thg 568

cont i NU§Re HPcIGANRY SrbfiiRthe teRGcBbt QS ihe RQIYM@ Prdximb h@\ lﬂid%P ehaghgection.
Pi ston 561 nag conti nue to advance di st al ., even after the vacuumis
¢

cut of f {#¥7adi 8¢ Broxoypidi Thagie %héw@éﬁ%&m(buéuwm@i Bvddu@badbardftiire on t he

shoutd arfifa e DlvhRBbish e b Bole b Ruo R rhd P HE T < o) Rosetthe "

conpr essixfgink Pert CaBaEShIORISH the theDIRBi A ghBMBN alshg ctineles Diufritle 4362 to
allow anbient air to flowinto the distal ﬁ%Ilnder chanber 581b by openi ng
8

di stal dBhWi t BhroSkxde dabedf4Dys phiherrrerianbede sy Mesvantioadt 38 vhigondui t
S74. [ O%%Th‘f | 1?1} Léﬂ“nérﬁjt)n_{{EE{?iuﬁ{uﬁg %ht ar& &h%a{%ﬂ é@ ﬂ drd%%t L on to a

pr oxi mal n 568 and a | oss
of vacuu[m;sztukeh@x .dhstmathaisi Me:mmﬂmﬁb@re S8l mdrzeﬁﬂé td aagufme:m%L@ndmaamt air
flow ng i gﬁi di st al cyll der chanber 58th, The Piston Shaft 562
contact§be%“ £99V6 38 IRV SW¥WEM§Hﬁ®ﬂ¥%“*ﬁb%‘%ﬁbﬁﬁﬂﬁ?nﬁerct|on t hus

cuttlng anb. o &l I LA N Qs I
&1 i naalCiknver CustnRaney SraRREo ! bR o R R IR

56. 2 pr0mummhhMﬁwgveﬂMMgkﬂynnmeﬁmngnxHbﬂd%%xmmnﬂbﬂdmhmnﬁﬂﬂuahmidmenab
cyl i nder. chanber 58th tﬁ vacuu %@g 7? such th?t the ﬁ ﬁ %ﬁnection is
open to"i‘ﬂé‘%fu*‘%“todlim&‘s}f“‘ B EhE HYS PE MY PFHETEE AR PR W hee to

conti nugidiAGloRiigrat i ng as descri bed above by creating a pressure
differential on opposite sides of the piston as |ong as adequate vacuumis
avai | abli@19% t hBeheshaniismre TheSbby sacsteps wiagd megwatsoadothisckdsar ymsvuch

unti 1 tng! SEEHERRENH B80T FeGhiRLETL A Bt IRt POty b PRSI | <
i nadequate atopuRmed mBthihecfiniieeciait Fed T SOeNEes ghide or separates the
cyhnder chamber 581 into a proximal cylinder chamber S81a and a distal cylinder chamber
381b. The piston 561 may reciprocate distally within the cylinder chamber 5381 when the
distal side of the piston 561 is evacuated or when distal ovlinder chamber 381b is evacuated.

Ambient air mav be or may always be present on the proxumal side of the piston 561 or in the



Conpression Spring and overcone the internal friction or if the mechani sm
is stalled or halted. 102201l n certain variations. Pneumatic val ve

i nst abi | iw9 20r2/d0B3s8t er caused by the shuttle or shuttl ePcalvseoasmsepti ng to
nove back and forth between states, or between proximal and di st al
positions relative to distal conduit 57.2, may be reduced or elimnated by
exposi ng one side of the shuttle valve 564 to the vacuum source and the
opposite si.de of. the Shutt] ient air. This will cause the
SPOLT! o P SRR ICTchagbet 5F oo AT Br SR EGHOR €58 1 SRR HAG WY |
mor & f ul by QReRpkl & dhsibal aic ondUlilios da Qﬁtiﬁ‘% ?E‘Z‘Hh@nmc ﬁblﬂg Gandu ,Em@ﬁ 4,

t hereby corinectinL, the anbient ‘air to the di'stal Cylinder chanber 1 b.
[ 02211l wéée&ﬁahwma:mammgwmaﬁhsﬁméﬁ mmorqqsatiudtmcewomywb’emmpamted lém t he
Shuttle52to hol d it ﬁ 0 gve 1? ment caused by
Fricti o au RErphes R & fid ReBethrhs Bl Sepe MRSy oa ve

i nstabi lfpige; Thishanmeldo2 ReRi R cohfEEal wale PRIdWTRENtRE thdsiluh® drmpf a bal |
pl unger. [02221ln certain variations of a vacuum powered nechani sm an

adequat éWRIogHe Ajosgevidclialedrot it iedbyttigISoa merydte norgionsd innddwttr from the
distal cyhl 1P§|erzh%hﬁ‘ﬂ1ﬂs ncth?dc‘%%ﬁ&xm{% I?&f f%f: ‘,&9&{ é}zQ{"g ﬂ{?%%%@%ﬁ

after the ex

chanber seThedeyaquad ﬁdi&%&hhﬂ]‘éﬂdﬂﬂ tiihe sehit $Tﬁ1ﬁ1§ze GV Nﬂﬁﬂe@‘h@dﬁ)ﬁd‘h\ﬁfeﬂf des to
encourage the Piston to_continue_noving ter the exter naI vacuum

source i"¥"RKk %eﬁenfi%m?ﬁhéﬂd/mt dristabley lﬂ%’f Q?*ef%w e§imden bhRisd Cylinddr ey
el i m nateyngyy %Pg 89684 ol %ateaerphs%aﬂ%m%g e nkb%w%b;\(ﬁutm%&s&m Stop

transitions m one state to anot The reci procati ng not
t he mec ami sy mgzca;bénqirmmmemotmmatttmﬁ&:e%imﬁha{b&hg device or to oper ate or

actuate her . devi c her evice. In certain

variati dRa0 cut T PG T it ‘*pi"o%‘l“ﬁ 5abk 19\? Wi B s o™ felebl & or
mel | eablsg,@Bahd oPhal BeH@VIE8I AL GefroMRMYRIhYiIE La RU BB GRb e of BRighAT T
may be maneuvered or positionéd around sensitive tissueS or structures in
t he hunahe Hoehe tﬁymbhewgi mgimherﬂeha@b chimbdredS§herf the pRovimekaskpbiethe axivendi ng

et ract thg TRe Onfrp SpuPRERYE e R L AR e R Tehie by T PBUIR e

| Mpr oveadsnBRANNE Rk kdh)ﬁhQﬁ.,z\t fial, %Qafatgmmqu@%mé viet KRS Oheisthi @ confined
spaces may be perforned, ., all'owng a shaft's predeterm ned curvature

to posi tienmehudepkiba st @m@*m&ﬁ 2. slhafsbutie aplvg SeAmyetrrayidea se ghthe
rechen, B kERU A SISO, 3oLl 9P PEE e AR AT
i ncor pOIl,ﬂﬁjﬁHEihﬁm B o abycneh @parics w alldwh dierdignitdyiietsr chambal 318 1pus peses.
evgcuated by communicating with an external vacuum supply.
{0201} The shuttle valve 564 may also provide a seal to the distal side of the distal conduit
572 to open the distal conduit 572, and the distal cylinder chamber 581b, to an ambient air
conduit 574 1o allow the distal cylinder chamber 381b to be open {o ambient air.
{0202}  The piston shaft 565 may be integral to the piston 61 on the proximal end of the
piston shatt 565 and integral to the distal piston shaft 370 (i.e., the external portion of the
piston shaft 565 located at the distal end of the piston shaft 565. A Shuttle Return Swrface
{5606} is Integral to the Piston Shaft (565) and serves to contact the distal end of the Shuttle
{562} to motivate it proxunally when the Piston 561 and piston shall 365 are translating in the
proxumal direction.
{0203} The piston shaft 365 may also include a Distal Seal Flange (567). which may

extend radially therefrom. The distal seal flange 567 may seal ambient air in the retun spring



102241Furt her describing operations of a variation of a nmechani sm as
illustrated in Figs. 5A-5B, Fig. 5A shows a starting position for the
mechani srw@i20te/q0Bas3Pi ston in a proximal position due toPexiUSasilomess the
Return Spring (568). [02251When external vacuumis applied to the nechanism
t hrough the Vacuum Port (575), the Shuttle Valve (564) is on the proxinal
side of the Vacuum Port (75) and on the proxinmal side of the D stal Conduit

(572). As a resylt, the vacuumis able to flujdly comunicate with the

b stai OPPHHGR e pr (S i gheteabar o eSS aTu i os TReVs [ i n
the Distah &yl WHen s(hRET mbp8ish PlovidoNSRAVE M YR b A& Rlink T 6878 LdlypBRessur e
on the proximal and distal sides of the Piston (561) cauSes the piston to

nmove di ¢ alotiyate[c0228{iRe thenidish Shah (66 pyowneis odingbaplopimildieompr dsses t he
Return Spri ngé@{SGB) t hereby storing mechanical energy. The Proximal Shuttle
Seal (563}"'pr&Vents | eakage of anbient air into the Distal Cylinder Chamber
(581b) . ey} Shuntt@ut:3%ehe (8B & $ositiond0gikd R0l Bbdidy SRetRE S¢omd R6T)
contacts the Shuttle (562) and notivates it in the distal direction. The
Shut t | e meshocyizeapy theampressias dering thealivalctioks Poihe nshe)ismo. ¢ febeapi the al
Condui t ( [ shutting:off am.EQ tk L stal  Cylinder er
(s51b) . B PSREPREMNAL Pl RIS, I BRI Bl BigkIGRaT e
di stal sitde of Redaen Shanb®ss houtdis e Blsadn Ml WwderodhatibenrimBtb rdlancause t he
Primary- Piston (561) to continue translating distally after the Shuttle
Val ve (584ye ehifie &osh4misPcuum to the distal conduit 572 and the distal

cyli nder’ﬁﬁﬁ“%’h@?\%&&ﬂ%ﬁﬁg&ﬁéﬁy b dd 5B Rl %%T’ﬂi (ﬁg@@*ﬂf@ﬁ rsel(\’gss’&\)ﬁ %@ﬁ%i I'l's

with anbient air, rom anni ent alr condult via distal condult

(whi ch isspriowlogemrhGpanpiei#). ai r conduit 514 as shown in Fig. 511), the
Shut 1o PR S5 feffierser S0 Ghe pRS ebiatarore- b Gy no diprieLC o Ogb Che
(562) i B g B D B e L f Fom
the di stdlandictedib) akder Prrakd! fandeit 0%/ 3of AtihietaDi-seduit (SGAHBE tWleB7a) abohver eby
0PNt 19 1% L3t Qe SONEUL L 2121 ol S VBRIMARRLS nESER) ok rSYRSI B S e

Chamber (588} and the Parallel Conduit (373). The Paraliel Conduit {(§73) may provide a

connection or condui for flid communication between the Proxiumal Conduit (571) and the

Distal Conduit {(372). The Ambient Air Condut (574) may provide a conduit to allow

ambient atr to vent proximal shuttle chamber 388 and Distal Cylinder Chamber (581b)

depending on the positioning of shuttle valve 564 relative to the distal conduit 572,

{0267] The Vacuum Port (575) connects the mechanism to an external vacuum source and

evacuates shuttle vacuum chamber 5383 and may evacuate distal cylinder chamber 581b

depending on the positioning of shuttle valve 564 relative to the distal condut 572

FO208] ‘The mechanism 560 may also mclude a Return Spring Vent (576) which vents the

Return Spring Chamber (584) to ambient air to maintain ambient air pressure in the Retun

Spring Chamber (584} as the chamber changes volume due 1o compression and extension of

the Return Spring (568). The Return spring charober 84 containg the return spring 68, The

return spring chamber 84 may be or may always be at ambient pressure via the return spring

vent 76,
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WO 2012/ 003383PCT/ US2011/ 042686 102301The Shuttle (562) and the Piston 561
return to their proxinmal (starting) position and the nmechani sm has

conpl et edworze120838@ and is five to continue reciprocati rRgTAS2aeser8bed
above as | ong as adequate vacuumis available to the nmechanism 102311ln
any of the variations of vacuum powered mechani snms descri bed herein, O-rings
or other sealing conponents nay be used to create a seal between surfaces

but are pot necessary if |eakage around the seals is tolerable. Al sa
cakage BPBnG. (HOSGLRIEIH DRt | COTUBRIbUSPRES TMBAPELREBF Ut ci ent
Vi scosi t7 £, §d dd ALE19AR RRENBRR b8 SR PRk B IDOE L DisiPeRLEL
operates. 102321The Shuttle may be confi gured in several positions

i ncl udi Agndoindadmayi e pigdsdehthedemalend Shiaf tousparal l el to the Center Shaft,

as a rotary. val ye nd sq.forth. [02331The va uunypomeged(negb ni sne
Goscri baB Ay o X e s ek Yoo R T, HEGTbr uCBHoE Ay PEOVaT LR o

medi cal sgemufesr tHeOheRXA PPN Ered RRLYAGH BBV DAWR @d ATEhaslesNE oy be utilized
to reciprocate a cutter on a distal end of a malleable shaft which may be
mani pul ateespbrriapiessreyhivhnubrapd ortsaod it e arRpoBrred MedRRBMe Agnbike!

havi ng %ir%fﬁ%?zﬁ}%{z% 1@3&\1&&&1"18%1&&%11%% ClHid c’ﬂ&%ﬁ% 'iafé‘tz_%qs;ak&&gﬁgg& advancenent
or retraction hroud% a cannul'a or other shea as TTustr &Yed and

descri begkchiniti dBahgnte Mhe heakdrdim NodescA8ddBAB:1H65, 11/848, 564, and

11/ 848,562, each of which is incorporated herein by reference in their
entiret yO40H al i Disinpaedin (5%patasiies AghH P lhtRGuE !/ (360, WAy tiagso

I ncor porak &g A8LE N Ake ’Sﬁ%ﬁ%?ﬂ?ﬁ iate{?oddtgtﬁe ﬁﬁ%ﬁ&%%ﬁ st,teg}dgp 4r pases, [0234i1n

certain variations of a. device having a curved exi haft, a rigid or

sem - ri gbZHt r alghbxistbatp HmyndBakFSegbl ©d0 pmag privektegokiond kepdevihee to
cavse TG EIXES ALSKIBLS ROTLhon, o Lhe. Shelt fo.Stiglgen, a8 Lhe sheatr
por ti on ofviieioshaf frdeQu 8L AL & InkfoabUih¥ 86k S RaRB Ak thRIsh@athudis
retracted. 102351l n other variations, a rigid or sem-rigid curved sheath
may be dssefplisdeloricdonmeet duniveing delikeldioor oéndlvef fleitedpr havimel a shaf t
}[Mh'; gugh%#llr‘%%gﬁ? I}xé ééﬁggtﬁﬁg 'ia%t'm%@n Ea?ox%xgiea%% fm@zﬁ p%b?ﬁt";[ls b %h{{:{ﬁe 89;1\{1?&%?9"

relative to distal conduit 572,

[213] The Distal Cylinder Chamber (381} alternates between vacuum and ambient

pressure to motivate the Piston (561) distally when the Distal Cylinder Chamber (581b) is in

vacuum and to allow the Return Spring (568) to motivate the Piston Shaft (562) and/or piston

61 proximally when the Distal Cylinder Chamber S81b is at ambient pressure.

{0214 The Proximal Shuttle Chamber (588) may be at ambient pressure or may abways

be at ambient pressure.  The Shuttle Vacuum Chamber {583} may be evacuated or may

j0215] In use or n operation, the vacuum powered mechanism 560 operates by a

preumatic mechanisim, method or logic whereby a vacuum mechanism valve sequence

mnchudes shutting off the vacuum source from the distal cylinder chamber 81b or the

mechanism to allow the piston to return to its howe position without venting the vacuum

sowrce to ambient pressure. As a result, the vacuum pressure remains consistent in the cutting

and evacnation svstem portion of the device. The pneumatic mechanism, method or logic for

a piston system that does not reguire inertial mass to move the mechanism through transition

{such as a flvwheel} and that uses an external or internal vacuum source to provide the force
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1023611 n other variations, arigid or sem-rigid curved sheath may be
assenbl ed or connected to a device or end effector having a shaft with a

st rai ght ,wOl2exidoBis3portion to direct the shaft as it i sPpatusecedsz686 ough
the curved sheath. The rigid or sem-rigid curved or straight slieathes may
be assenbl ed, connected, attached to or otherwise utilized wth the
cutting device. The various sheaths may be detachable fromthe devices or
end effectors or affijxed or attaahed to the devices and o g ef fectors.
102371 A° EBPE AP0 TYIHE B He US%WGW’S&%@%’EHWW“H%H@H% ’g‘é UFT Bedifer ei n

may al sqggb&nuﬁﬁdma&%m dn_eFe'\@z“-.@@iﬁ&&uﬂﬁn@ﬁzk‘ﬁﬁ@m%: fHBGLRLAGRLI ng cutter of a
device or end effector or to operate a device having a'sem-rigid or rigid,

cur ved dﬁrﬁl @f f eboiorxanpleaanigivh onry St iohén wihf tistahColindaschamber S8 b edvler

ot or | 2B HLRAN S0P TH) ARG 103 SHTHEY (G GRS TORE Garcter G orayd

rigid, curid@dhenmdsehtecien: ﬁé]an qu;déltﬁé akiabodingbr Ghati@iet SBLL ARemenehef f ect or
4.0 may include a scrapi a wi ndow 4.6, a reciprocating cutter

4.2., amdsenrean Bleunexigias @&nd@f @mmts’r St o the Rspriswl ofe af thedagomPeb incl ude
ari g' d 5 b{@( day éin(ze%me-)r? &t trhe 9"15?(}f§ k\?f éonﬁ Azsagf%e Q%Yxﬁng%ﬁ‘}maﬁztr ing u?rb\% E\R Hérg i ? ect ' on

4.3 and/or r't al

line 4. &u,{amgmrcxaqtﬁ)@m dil&n:iN mmemwmb@hwtd\amé friotibha a&ﬂé&. tﬁfcb&@t‘e@ﬁ thfé. 0 or
extend along or within the end effector 4.0. In certain variations, the end
ef f ect o OTHITEEHN WRHLoPBa devi ce, and/or shall may be rigid, stiff,

subst anhbaﬂ 7|fj y r %%ﬁ whe%mt%g%i 'h{o%@' the[ ;Qx%gﬁ EE0e,&9ds Qgﬁtﬁ‘ét\gﬁ afld de%kﬁ?gﬁee ﬁ q

conponent devi c evi ce or cal "devi ce
ef f ect orShaittld "iﬁé)&u-tiet}qan@ue&hmdedalat ~a4 dm;s b#l thepeboofn @ thmﬂfmhfj\ Tiader c'mlnhsc;

designe e or attachpent tq a cutting device, Vi ce,
ot her E@é”‘ya"ﬁé T BI T e tt b ‘A’QGUH%?}‘@B&‘ %&%}F‘mb Bdhe ”6‘31*1“ old ¢ @} ‘H‘ééﬁﬁ‘r es

requir ' rﬂ& Gl ﬁl@fﬁti@ﬁ dbQEoSE 18R NN R ud VR h@&)’dlé%ﬁiht {55 Llﬁ*%n'aﬂ&l t‘lfl@'\ Blugpf t
and hard tissues. 102401The Scraping Edge 4.1 is typically nade from a

rigid magertioff to desty. wh@ﬁfalthmaé@ St b edhye i edvaipdyroWintht dindlissaltsidernd theor ces

ot Qﬁ’ftaﬁ“fﬁééfai?}é? Sl QEMRE hafbst Sl R hishGubite o Rl B Rarf C8S il o o 1

certai n ovafchakifaRSon IS Wntiilu@icdniPbdsink dle TRUpRIUSSHHnThR SAraphgiEdge
4.1 may be used to cut or scrape various soft and hard tissues, such as

i ntradi deathuiict@us Alpysubienvartie Beal ineribe Pkl exlindearhantegadty by e
bone” “and, At nek. o5, andsharn ﬂn{sh g%%%ﬁu J%?%n?% gR Gy F&Qﬁ‘; k74 may be used to

cut tissus free and/or 1o nmob or - evacuation t hrough t he
W ndow 49518nd The Bmg:ln S { lnmaveietredt ik He mogtmil s;lma:ﬁmzvﬂu_ € proki@altposBise dwayo be
evacuated to a ter or col Lection receptac|e, L _ .
the force 0#5 E&, Compression Spring 568 and g ﬁ))ss cstl vacuum in the distal cylinder chamber
581b resulting from ambient air flowing into the distal evhinder chamber 381b. The Piston
Shaft 562 contacts the Shutile and moves the shuttle m a proximal divection, thus cutting oft
ambient aiy conduit 374 and ambient air flow to the distal Cylinder chamber 331h. The Piston
Shaft 362 continues moving the Shuttle 562 proximally, eventually epenmg the distal conduit
572 and distal cylinder chamber 581b to vacuwm port 575 such that the vactum connection is
open to the distal cylinder chamber 381b.
[6219] The mechanism s free to continue reciprocating as described above by creating a
pressure differential on opposite sides of the piston as long as adequate vacuum is available to
the mechanism. The above steps may repeat as necessary such that the vacuum powered

motor creates a reciprocating motion unless or until the vacuum source is disconnected,

turned off, or if the vacuum is inadequate to overcome the force required to compress the
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10241 1The Scraping edge 4,1 may be affixed or attached to the rigid shaft
4.7 at any angle relative to the longitudinal axis of the Rigid Shaft 4,7.
For exanpWwe,20t21®3383r api ng. edge 4.1 may be affixed or atrashed/osmwse he
Rigid Shaft 4.7 at a an angle ranging fromor between O to 180 degrees or O
to 90 degrees relative to an axis of the Rigid Shaft 4.7. As shown in Fig,
6, in certain variations, the Scraping Edge 4.1 may be affixed or otherw se

attached.to the id Shaft 4.7 .in a i.tion t endi cul ar or
Lot An LTS8 BRIP4 e TRy it P Rr LA e G249 1wher o
the Scrapjng Edge 4.1 is rigidly affixed to the Rigid Shaft 4.7 as shown in
Figure 6, the cutting and scraping actions of the scraping edge 4,1 may be
acconpl a3 byittmaov@manms ﬁam*@atfcy»afmvnﬁghthhemshmapcwge@etgéledshmtftéI@r ough
manual

componentiehares ey sty ek and g et ShPAG Aot Meand, e
scrapi ngiigdgesdiols FRN VB aﬁﬁﬂlﬂtﬁf{du&hﬁ?’d @b Q@Bédk;@eﬁf dreligfinhyd PPEQIIs ARG e
novenent or operation of the rigid shaft 4.7 or the end effector 4.0 or

corrponeﬁtdetqfélfeeﬁmie[‘@M*fﬂﬁe éfeermmn\iawaﬂn@)ﬁ@ opppetesdeayithySiEdge vava rray
?ﬁeafRf |g| 'ggé(ﬁg?fgte ?@Peﬁnk% {1 ?ﬁé QII;‘LRH:‘@EII mn&%% io%}&’e oY n% dne??é[&xg{ ﬂ% to
concert vabtdin biewdlibher iu(m@‘pmsﬂﬁ\ﬁ@ml cﬁh&llsﬁTmIm@%ﬁﬂgﬁi Ay ammiay be, affi I Xed

or attached to the reciprocating cutter 4 2 at any an Ie relative to the
| ongi t udigialy SmectyR ‘f‘fwé”“ﬁééé‘i HF Bk disg Extipdgr chmﬁ/ﬂ tbexanpl e, the

scrapin e 4 GuLter
PP L S S L A R S v i R U Rt
degr ees hogl mu p'leadm camcamesnmfmtd@é niReeivpnocatidig xmtme rusdn thd hsoeiShaftn
variatiqns, crapi ng 5 ; ﬁ eUaffi( d or thermnge attaqped to
the Reci r(%ét”h U QEped Ry *‘iff ‘8“‘15‘6’ Pt i OHS PHAT R99a) b g Q6 apargid
substantth@fdr&&gr@ggmhg,@f ar to the axis of the Reciprocating Cutter 4.2,
102441The Scr api ng € 4.1 may be positioned at a location distal to t he
W ndow 40824ndi bfumﬂm *@@wapmw @drgeum mem@ iy hppisgiont mleszy\ahmgned Wwith

t he W ndow 4 sarre ft 4.7 as
the w ndgt sl i TasP ER P Eagundert ey "R BulRy st aiemed of 8PS Hieoxi ma

to the Wagow dnbnudpbl @n@kdtam dthe tRcd@RhilGac @AY Sorftedis TRY: Jfﬁﬁ@mem@agmi

scrapi nmurfaces at any location around the periphery of the Rigid Shaft

4.7 or ngeigdanitay Hintavesuaedyolype gt mh%zér(t’»émﬁwémm?r BRES 1§ Hecosrge

ef f ect Ol 4P:Q ey LQI%HQ‘ nllé\nwl (tlltlt?iH 2 uﬁ% é“ﬂl ] 5&9&1 amfln‘ e s ag\ 1?9?3‘& }S]rl

eI-Ieto 488 ct i eascralngedeii |ngonth

desired mlmxm @!ahe appﬂi Lclaide@fh'm’ah‘tr ahetby dinvakiiag thensed Qﬂ&n@ﬁa]nﬁa{%e tsmoapi ng
p03|t|oned on an end effector, e.g., a plurality of scraping

edges may b
edges mi%e Yfg VHBETUSISHEAtERs HAMEING SBHT OPBIEr- WD 2012/ 003383PCT/ US2011/ 042686

{0223} The reciprocating motion of the mechanism may be withized to actuate a cutting
device or to aperate or actuate another device, e.g., another medical device. In certain
variations, cutiing device may be positioned by maneuvering a flexible or malleable shaft of
the device e.g., manually or automatically. The shaft may be maneuvered or positioned
around sensitive tissues or structures 1n the human body by changing the shape of the shatt.
For example, extending or retracting an outer sheath or cannula on the shaft or advancing or
retracting the shaft relative to the outer sheath, thereby allowing tmproved maseuverability of
the shaft around structures or within confined spaces may be performed, e.g., allowimg a
shaft’s predetermined curvature to position the distal end of the shaft near a target site. Such

mechanisms, techniques and devices include those described i US Patent Application Nos.

o
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102461Still referring, to Fig_ 6. the Reciprocating, Cutter 4.2 may be
positioned on the end effector 4,0 such that the recipntating cutter 4.2
may advarwe 2aredlosss3retract axially past the Wndow 4.6 POTANCIIZOIB86E
evacuate tissue or nobilized tissue. The Reciprocating Cutter 4.2 nmay use a
-scissor" action against the window 4,5 or against a section of the rigid
shaft 41 to exci se tissue_ [02471The Wndow 4.6 is an opening in the Rigid

Shaft 4. per, sthe eof tissue into the ndow, 4. 6. and into
The par i 6reanst BB Sek A RERREIEL Roat o GhiEh Db ore  REShE e
and/ or QM@@&@&Q@ggﬂmﬁpm%QQQMl4 6 or at |east a portion of the. perlneter or
an edge of the window 4,6 may serve as a cutting edge to "plane' tissue and

exci se tihB24i ssh@iheAdﬁmhmamewﬁwam‘éa;lgma@frmtwhenwhamvm 45 Bluaigtesd rokigsle a

surface he Rec or. tissue
Fect pr ochrTHo BuEs abMs SSEREIERGR Prc it BTN BEh SR b S BRDC at g
Cutter 4oZifRYiube HIRIRGD N RELHASRtFe@Ny of the vacuum powered
mechani sns descri bed herein. Alternatively, the reciprocating cutter 4.2 or

end ef f d8F%H may\hs@ ea@fmt@“dmﬂms@g@ikﬁdemr&*@maﬁmmu&artughéhqoba@u@ui*w hand or
by ot herxmét ﬁﬁ%'ﬁ%ﬁ{}?@'ﬁéﬂﬁ on 4} @%r nf’i‘h m‘éaﬁi?et{&’d?&m 1@0 g#ﬁ“ﬁh&‘gn Gt ter my

be util iz ower e descri bed

her ei n, ;ﬂmh@hddmfdﬂymﬁﬂﬁe?mnm@ﬁ"r:z)ecksnﬁehamsenmm[uﬁzréa-] [TheflRdgi d Shaft 4.7
may serve as the primary, structure_an /or out er. enve] ope of the shaft of a
devi ce GPUERIGHGW aw;m%*%wm@% Cﬂv}@ Ehid Sebrahich Fespigs awawéf&n OFHE 4 gi d

Shaf t 4#3?(}%%%@?( ‘%Hﬁ%e?@“h%ﬂé (ﬁ@'}lgahttd?; flons“tﬁénﬁﬁﬁ%%fntﬁ freshulPoh ypcl ude

curved /or str t sect s or certaln varlations, the
rigid shpadtimd ;ﬁuhhwheﬁamli Iﬂ&aﬂment(ﬁ dlckwows dr poper at wovodisuler to adj ust or

revise t urvat .of the shaf t dependi n pplica use,
For exaﬁgﬁﬁ ‘g L‘}@“ THOR hafply mpVes ﬁ‘éﬁfz% ‘b@ﬂﬁ’ébﬁ%éo}ﬁr &*Pﬁé‘aﬁ fkj‘ éﬁép‘t‘% 7 may
be anne%t&ﬁu_%uﬁ@&m%@ra\ N 76 Pebxidat @‘lhft@é sm@ar&hﬁﬂﬁt% 1GMAYEo Ofmtibg afd 9i d
shaft 4.7 band or nachine. The rigid shaft nmay be anneal ed over the

bendabl entp@ ¢ Potnl 6fvlindy Clewgteh (@it h Irécbh"ét‘étrf YR didisaln postiraninty Ueo reduce

102501A8 Mo roRgLe s ERAA B el e s b e

in the ngidsahafibn dlodes &mar\r@mﬂmww thDlsud € ca086i: 0I72MEeeebyhaf t
curvature sections. The shaft curvature section 4.3 allows the operator to

posi t i oﬁ*l‘tﬁﬁéféﬁdﬁe@ﬂé& o Diswl brhiﬂ%(éﬁ@b@‘li"éHﬂ of the end effector 4 0 or
the di stg Jf ﬁm}xlﬂ!ﬁ: rﬁ%%ﬁanag 9 d&({lt QL ‘ﬁ&kg%hﬁfi difp ﬁqﬁ?'{]gi?\% .Qf g@nat ory
i a

out si de ne- of - Si or exa curvature
section Lﬁaiﬂhemﬁyheathkmll\mﬂ héeied’aﬁﬁﬁfyf ﬁbﬂhﬁi’) cdu@ t‘ﬁa)l’ab@'npdﬁmbh ofEd tvedrhinge an
i ntradi scal spa s of curvature of the rigid shaft 4.7 or the

shaf t c&wéﬁw isally ¥ r‘gh‘ tﬁ é*’%ﬁy Vgevedepar shihed! &w%e ReIFakgwErR g or

may be opgt@al Ll ﬁd;mg&lglgﬁbu[%%lﬂhe rigid shaft 4.7 may al so incl ude a
Shaft Straight Section 4.4 which may be

{6228] As the D}sml Cyhinder Chamber {381) refills with ambient air, from ambient air
conduit 574 via distal conduit $72 {which 1s now open to ambient air conduit 514 as shown
Fig. 5b), the Return Spring {368) motivates the Piston Shaft (565) proximally. The Shuttle
“dwells” in posttion until the Shuttle Return Surface (566) on the Piston Shaft (565) contacts
the Shuttle {562) and motivates the Shuttle (562} in the proximal direction.

[6229] The Shutde Valve (364) moves from the distal side to the proximal side of the
Distal Conduit (372) thereby opening the distal condwt §72 to the Vacwum Port (375) to

evacuate the Distal Cylinder Chamber 381b).
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| ocated proximal to the Shaft Curvature section 4.3. The rigid shaft may

i ncl ude one or nore shaft straight sections. [02521A Blunt Distal Tip 4.5
may be prwoidedosss3t he end effector 4.0. The bl unt di st @CTiUSpo14/05268@Y
significantly reduce, mnimze or elimnate the |ikelihood of the end
effector 4.0 or distal end of a device accidentally being advanced through
or into tissue which is not the i nt ended target For exanple, the bl unt

di st al ucs i hood or imze . the risk of the end

o fect ot Bt o TRY S B B i Sinen PR L Bism iy Davame ! (1SRG OsHORnnul us
when the,gpg F fﬁﬁwhﬁ tgmefu&t HRVLER 4hd ibelng cﬁﬁﬁﬂté@ugt&m@t hfadbaeal

nucl eus or for scraping and/or evacuating vertebral endplate material, The
bl unt diabted astippe 45 @ieme covem alakaigrblatopbe tedrneint he distal surface of
the Scr Edge ri

Strbst anlbif y  Prauaind BrfpbEbie ot REY St e Ra i e ThA) S Bl ¢
the Bl unk oBictt@bing bBmfofontd Rey BENRBIAGreblGS 4l oriB Wuhc@NA Ofc LT ape only
when noved in the proximal ditection or a |lateral direction and not when
noved i meedssartliisiealiagdinrased tonsealsns wltialtley dlscaterins appevidhe ralsaney be di st al
surface | I rd QGL, Edge 4.1
> Covertg& ;téét‘ﬁﬁhéiﬂtz agt[m)iaﬁt Bs‘aptﬁt;élﬁﬁu stg to?‘ﬂ gggpa R%tﬁ%étﬁxétggétg%@%gy o
andl or deraipeviich itheediest al dlrectlon or it nay cut and/or scrape in the
distal direction |n a limted manner, 102531in_certaipn variations, gg fluid
line 4. 8% pelhs Phuldy ‘thit baw%%ad fioreypral Rostima AchyingeprsruEc st iee of
the Rigi L he fluid line 4.8
may be é%ﬁ%ﬁ%é%ﬁ?@%gﬁﬂﬁ%%&Sﬂtg%g g%mcp{i)ﬂléjgﬁ%e%g)r}%te | umen within the
rigid shalidj4. 7Thxr\mmazl ;1mm@nt¢1mndtm@ietd1®ndthhzrt@wgh\ bhetbmidnvighaf t | unen.

, he fluid Line 4.8 all.ows f%éi"i sal i ? water, air c.. to fl ow
froma JEEFREaEH “f‘Pdﬁd”%‘kt“ér“ [ea ﬁj‘ﬁ“rﬁ*‘etr ﬁht“‘t“&"a”&‘e\/‘ﬁ?@mt%"*t%‘é di stal end
of the %t&th%tltﬁemt pRfusitiRgy t@h@uatmﬁ@qta&c a@n‘i@&hﬁﬁuﬁtutcxbﬁ}%t'k@gie‘%%t{ﬁQm@m,h
102541A scraping edge 4,1 nmay be provided or |ocated on an end effector 4.0
havi ng azmﬂg:idaigh@}fmd:ﬂn Fdiushépanetly o ayadn ghaiﬁ‘t ovg fledhig sbelt Apiingaedge 4.1
al l ow si de, or _axi.a rces.t.a be appli ) d shaft:.. scra jn edge,
end ot 1 dtgisteeafsadir s Shione SRafPR €l Gnof bkt G ddidiof PARLE,
SCFap'ngﬁ@ﬂM£§t@hﬂgm@hhhbﬁﬁﬁﬁakaaﬁdu@%h@@fﬁht@P§&n@imﬁkﬁﬁme\bﬂ anot her area
of the anatony, while mnimzing or preventing deflection or bending. of

the end lfHE08r | I/8Haied. ard $E8ADIMY eédgféi winch igieprapiatediteetn by reaPeRyina
rigid shaf o sRFQuid api ng
and/ or Eﬁ :{ ctﬂﬁl q{n ﬁfﬁﬁg&{%@ ﬁqqgitmég?ﬁ{mn I\? {)g ‘§§Y4a§ | ngigigﬁtckl)i\ﬁgflﬁ&
p05|t|omedmﬂhxhﬂaedmsmaheﬁﬂ&m@ﬁu@”@hﬁ%&@ie sem-rigid or less rigid shaft
or end effector and side forces plied to the scraplngredge and

shaft t ¢%eM ect AP HylatipRs i f“t}ﬁémétﬁd\‘/‘é‘ e dieris grds o ST sspvasenent
and r et racth 0o hACLSLLARIE Up&\ﬂnﬁﬁcéﬂgﬂig& 204, hlegh A Bygdeaul t in
the scraping or breaking up of tissue, such as vert ebral élsc tissue.
Cptlonahhwmnnnehmﬂmﬁunea&gh@pmm@meﬂg@htmm&a@mdgmsnﬁmmnsddaﬂﬁmmemtetm&the
cutting w ndow, i apin ge near ular to the

S|ttpn he scr e

Gi'r et O BF by RaBloRo L OBl GHaRED (Bt 1 pEE R Bai aracted
variati qegssjan aPRBEALEAHHA! 2 HEIER 8gi Ll RBURvddILhRaR WR Bl askSniREQYE ded. The
appar at us |ncludes an end effector, The end effector includes a scrapi ng
edge posﬂnmanmidfv@mitwcdleswat effrutbrdbvinge sl wafifreatrond, Sndbbnmrom wokect

scrapi ng, rot! ioned at an angle relative to the
scrapi ng %lgaé g teQﬁl m}?ﬁtgﬁ%g %ﬁfﬁea y be actuated in a back and
forth mp23m) apmmwm&h@hmp@tt@mﬂt@mh@ttdmtmh@ﬁmmﬁg RBegepibOoscrape or
gather tissue, and/or actuated in a back and tbrth motion approxinately

per pendu»@um&&iedtta adgics oF el Aepoiarigsined sheft apd witraghi Hiaxiltle patien trigect
scrapin I u opening to
ot ove HEARRS T o3 BHKE W0 BR i LA SRR, Fnckiify SRR ARA 0D

i ncl ude saaghr dpiihgs @dge: posinbladnathnened, izcicdlio endhefwitdietiierd vafif teet or and
one or nore scraping wings positioned at an angle relative to the scraping
edge such that the scraping edge and scrapi ng wi ngs can provide a scraping
notion in different directions.
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102571Fi g. 7 shows another variation of an end effector 704 or distal end
of a cutting or scraping device. The end effector 704 may include a

scrapi ng woge12f033s3a wi ndow 706, a reciprocating cutter PCOAIS2anmimee a bl unt
distal tip 705. The reciprocating cutter may be positioned within the end
effector. The end effector 704 may include a rigid or flexible shaft 707.
The end effector nmay include one or nore wings 708 positioned at an angl e
to the scrapi edge 701, " h.as but not necessaril xt to the

ot nclow FOBTBARGICES G ol RS bR bR ee gl Rn IR RERS Bl £ Seve.
102581VV&9§d793u&§MdQﬁﬁ&Q%k&LQﬂﬁﬂxQ%dkh%uéﬂﬂ effector at an angle relative
to the scraping edge 701. For exanple, the wings 708 may be positioned at
an ang| diilﬁfmgr nip dertom wmnmgetwe@me“epoeeqd rschapons dgQridebhraes mavellat i ve
to the osrt oned at .ap. angle relative
to the SEriBrAbodioBotT os bt narrhnl SrB S B 2bg Eha0™ G Wi ngs
708 may ﬁ{»@rdle Dl 8&S aRMld KeUSididodhiditieredd Q‘Jdrte?%t.k‘@ Bfa righevend whfieat or 704
may be used to cut or scrape a varlety of tissues in various regions of the
body. Fomtex apfpti&sctaadendedst mey be opsrgred &y orpn paversd siachaignapeotherdl or
gat her t i e nal disc, e.g., to performa discectony.
[02591In ?ﬁggﬁéﬁﬂﬁfggﬁguagégggted herein, t he di nensi ons of the end

ef f ect onf823sghaf £, ¢ devices vaadtoof 4 hgidvani-absdedipanant & difaltdnd ogad
effectors .shafts or devices are nerely exe Iar in nature and are_ not

i nt ended‘ff‘be b i ¢ Lr’r&“’ 44 ey ”%PI ‘é‘iﬁ ‘h%ﬁt?é*?ﬁ)‘f PRGN e pFgfpyocating
variati Qge; »P“ %R{ m@tﬁiﬁn@ém&i ar iy n& &eﬁé a9 faish F}%ﬁ&da ﬁix‘i&%ﬁaf?r S or
t he devi ces, nore o he "en ectors or the devices may

provi ded. 'br"i“im msk:dzbzd‘t 4 [/0260idva a&ént& aumdmar watmm.g antihve avbati sxuﬂwishe:atdﬂs

descrlbed herei n for, guidi shaft or e ffector b with a
devi ce ort efdCBRPRt ﬂlﬁag';ﬁﬂ@ﬂam €$ et s &r e gy 9 %&@?Bﬁﬂﬁmdﬁt wdg. d shaft.

102611 Therceit kionG «IRWE GRS AF wiGIPRE bRd 8866 DEdrNREGI ARl Hétdnlii zed to
performa discectony or ot her spinal procedures. Additionally, the devices

descr i betfehior. aivialpay obe datict.iapdar sratprnay belbswesiHbdobfiarialigseed, iongery
exci si ng. a d/or renmoving tissue or soft tissue fromvarious regions in a
patient’ & subj ect's body. For exanple, the devices described herein may

be uti | Iwmtt 0 EXEhSEfantharo I&zermy@ cOpBNAE HAE BeMed, bQUS &ilsRURSiRorcel |'s
including, but not limted to n sa | tissue, for exarrple nasal polyps.,

eye ti ssrshicd fegie The spdralar g}%@ébbw?»@arméﬁb@ Bt eed ok aptiey devigp or
cancer oyg, ﬁ H[IFtFCs? u% nmt rl?t?i 1 n%]‘g ?{:x ﬁ curY;ﬁL tig \ﬂ&g n'mr?lntatl QL ru, QE’ %u OhAR0S ’Th%n&ld.

ti ssues or “ce
effector 4.0 may be ugeiul im various pmcedurea requiring ummg and for %Lrapin_g of a

variety of tissues including soft and hard tissues.

{0240} The Scrapmg bdge 4.1 1s typically made from a rigid material, e.g., Stainless Steel,
which may withstand cutting forces without substantially bending or deflecting the scraping
edge 4.1, Other materials may be used as warranted by the desired clinical apphcation. In
certain variations, a semi-rigid material may be used. The Scraping Edge 4.1 may be used to
cut or scrape various soft and hard tissues, such as intradiscal nucleus tissoe, Vertebral End
Plates, cartilage, ligament, bone, and other soft and hard tissues. The Scraping Edge 4.1 may
be used to cut tissue free andfor to mwobilize the tissue for evacuation through the Window 4.6
and through a hanen of the rigid shaft 4.7. The tissue may be evacuated 1o a Filter or
collection receptacie.

{0241}  The Scraping edge 4.1 may be affixed or attached to the rigid shaft 4.7 at any

angle relative 1o the longitudinal axis of the Rigid Shaft 4.7, For example, the scraping edge

50



102621An end effector with a reciprocating or "fixed" Scraper edge 4.1, a
Reci procating. Cutter 4,2, and/or a Rigid Shaft 4,7 (as shown in Figure 6)
or an endwef2beawass3of Figure 7 may be useful for excisi rgTAsAdoN4B8@CUat | Ng
various tissues_ Such tissues include tissues within the full spectrum of
consi stency ranging fromsoft tissues, such as intradiscal nucl eus

pul posis, to tough tissues, such as End Plate cartilage and liganent, to

hard tissues, . such gs bone.  For the end effector .may he use to
bt epar e ‘& hge it Fedaan it b oo R GIRIER At S 08 oL Ra Bt e B0
It my Re|geaidallg ol@ oDGRDAEs FNRivERS hadhis 6r al HINRIBuME sou! m@%mmq“ﬁnd
Plate cartilage and scrape the underlying bone to cause bl eedi ng of tThe
bone t o fprotsre Yrealiperyg terdrdpsd bagdet weerbetaibxadentoairalsebodited tad

I I ff haf t,
a2 Roct prRURRcTRD ot erie bR A b Bt Pl 8Dy e
usef ul ft@g“‘e;}gqh@ﬂmg and/ or evacuating tissues in procedures such as a

f or anenot o& where it is desirabl e to deconpress an enmanating nerve that
passes tihigh Whsrethe Sewmpirarkduer. ! fFHéL’“@héff@feﬁé@ﬂErRiﬁmlﬁét“h’? aurhpsen inr i gi d

shaft wi, 0f | gcew%a afld ?‘%f@Bv\;]& cfh:\Q%? 3&4&1:%“;{1&% oPQ | x?s[c?}a@é %,cmg ?&?@%“9 into

t he foranen ah € i nsi de sur

f oramen 15&1@;&:&1&3@1&1«1&&%@@@@[ oedlckpgnciddest 1 drdugndhalal dessenapilngigdge 4. 1
may excise tissue. The.end effector may pe utilized in both -open” and
per cut artBdfid- Tl el el fctsE ddlgrasc vnimsmbawfo fariopaliyfherytiag f%ﬁtbé‘rpﬁb%

devi ce hayino,eand deahpl Qdaﬁil}af hal'BY a?@nyagﬁﬁed é@ﬁ%z&aﬂ’?%y% BG4 PRY, Scraping

or evacuating procedures ‘described a n certaln variations, a
devi ce maychrotl aidgpeatioa ofrdtchidd sl 4Fiok Birend effated. {}pmsumtmnedxt alteredfe

di st al f a flexible shaft t hat . ha eforrre redet er m ned
cur vat uf‘l@g* he SHEFPIHEYABEMS HER G 1% dgerd Lw&& g ﬁdeaﬁﬁﬁﬁaﬂ}&r sheat h

wher e t hecHhsdadhe eRdef 21he Shathhi @RYe ﬁﬂ%@@'ﬁz@tf&Womaﬁlfﬂi%itﬂ%@mp%g(wa41
advancing or retracting the cannula andlor the shaft relative to each

ot her) tonecepraciamgencei t*»elhalmduﬁwéhgmaﬁm% eyl hb@u@;mletggtr &d oy tal dtbwed t s
pr edet erm re to N f t neat t he
Parget & pREhelsS ME iRt SR RGP ok S Pebedlanie i e bR dufie
predet ergucRRckEHE Catibl €2 UPeneexXighd, mg: dchgisannulial ahy sbeatid o1 02861dhe

devi ces descri bed herein include a nechani sm powered by a vacuum source.
The devﬂhfébequtmmﬁs@trf fimatépswﬁné@trﬁwéu wRer e ba’t\mrébié I dogenuen § & 90

present. . For. f g?ﬁﬁ-ﬂ@ R?Lm Q\1§ Qt"{h%%{ué)ré(u ir lel@quh& 5 eﬂyc REd s R‘m"ﬁ% 3atPi Le\L\M}ﬁlng

medi cal procedures are d medi'cal devices U
reci prodalzkag mee hanfl s.mi booghentios mfﬁzhﬁi ﬁ tft&lﬁéat;pnmmuﬂl(éutdﬁmfbaﬁ ;dssn:ml bed
herein npy be useful in procedﬁres {g g evacuatiopn or aspiration is

X

necessarit AnRFTPHKIGATIE EU AN RY PRRIENECHRUAI IOR P! 188 FicFREGCAHE BHETT RS in
conbi nagbm jWi ”f‘h AsMAGMLBIEWAT AL, 55@5@5{%@ 99»9@%11&@{1%1&@%{%?&1a(certa' n

vari ati a devi ce usfng~an extern I nternal vacuum source
and/or the scraping edge 4.1 may be predominately aligned with the Window 4.6 and/or

positioned on the same side of the Rigid Shaft 4.7 as the Window 4.6, The Seraping Edge 4.1
may be positioned distal or proximal to the Window 4.6, Optionally, the scraping edge 4.1
may have exposed scraping surfaces at any focation around the periphery of the Rigid Shaft
4.7 or reciprocating cutter 4.2.

j0245] In certain vartations, the end effector 4.0 may be built without a Scraping Edge
4.1, Indeed, an end effector 4.0 may or may not inclade a scraping edge 4.1 depending on the
desired clinical application. In certain variations, one or more scraping edges may be
positioned on an end effector, e g.. a plurality of scraping edges may be posttioned on an end

effector.



power a reciprocating: nechanismthat is connected to a cutter thereby
causing the cutter to reciprocate may include a "Y' connection within a
handl e t D 20rm08388s t he vacuum source to both the cuttecTasacuaiicssn tube
and the vacuum powered nechanism As a result, the vacuum perforns severa
functions within the device, such as: powers the mechani sm which causes the
cutter to reciprocate: draws tissue into a cutting wi ndow such that it may
be excis and of vacuat es th cised tissue a |l ocation rnal to
Phe® doviIBH6l i BRI FFAE N Ry b Beher Srei LUt By S HORIEN: Rt t he
vacuum SeREGE 4 nSash ShfedifotAfiBEBAND SMOAULLNG h8G PLREALEAN: pakPRE81I N
certain variations, a cutting. dévice inpléments a pneumatic |ogic or a
met hod Windowekt & m@@ g ret:'wlumgnmuemi opﬁnbxeé twswut thertpcarooting Cutter 4.2

reci procatin nec hani sm.val ve s

he Vacdiin Sadr o P oltineee i P S AT B SR T LR R 7
home posktik®psdkt hout venting the vacuum source to anbient pressure, As a
result, the vacuum pressure remins consistent in the cutting and

evacuat ilBF Hy st & Pordadvon.6gs ap heedesindbe 100 8bafk A 7ebstnsrmitvdripaivens! a

met hod ing a%ﬂt%%hgﬁﬂx%\(&ﬁ (»diﬂgﬁ }?eﬁm &t xﬁQ?e&p@L&HM( ﬁﬁ@sﬂkxc% {dﬁﬁ&es or
structures in h

ext endi n@si@rcahdkcaciidg eammwder!iﬁhemlhuom bhe &haﬁ boitrdoaéhe g&hh@!\&rﬁg

i mproved neuverahility of the shaft around structures or. within confined
spaces. BFERC af ©pafipd tﬁh% OSPRYGIHY Sry? BETIERIGE or BB sricaly! SFise HES e ces
or vacu ¥e! a
R Gl b e e L S i L A TS L e
that is (‘usmdﬁ?mmhamga {ERES n\asdiL m&s;@fm‘ﬂmg\tattw!e*’ phsstiey dzur\"vmdasmwt may be
provi decl The rﬁp_i s .of cur tur of't{; shaf mcrea(ggs n,the straight
Bnd i gilP4eat A BedRiad Y B w%atéa*f PTG PY PHEOSAAF 1St her oas
the radigdgeRlt SehUALME %eé&hb&éﬂﬁm@ﬁafMtd’rﬁ:ﬁH(ﬁStik‘hél%‘)fmﬁ’t‘irﬁ.ﬁé’!ﬁt’é?ﬁj 23hapg when
the sheath is retracted fromthe curved portion of the shaft 10271. 1In
certain Wfamama@rh)sduamtélﬂgetlgh taittiy«lIm@si@t |>\p@wumﬁ bi ipotdar by ethep nopwlizad
eleetrocau f gt g H}?Cﬁ 1he shﬁ}‘t th

al | ows t“FFé %’Hy‘&fc e ‘&5‘&?%‘ &é‘“ﬁ* ‘d ef g bRetilife TR o %"ﬁ

oper at i g Sdctifm potRecEhedihhREA WS bes NalaMbIMnder PowRESdoDYizW res that run
the length of the shaft through an internal lumen Within the shaft 102721In
certai nl’\‘/ﬁﬁl’liﬁalﬂiﬂ@ns a cutting device utilizing any of the variations of
vacuum p C I hed, ejn res i t t 1t yation
of a cut er pos ﬁgﬁi;%ggﬁiggﬁﬁ‘gxﬁ ”‘h%“#ﬂ‘m Mu%?’&g{(ﬁgr(e t‘;3?‘“0\8/‘%9d‘lytng a
vacuun1pmmﬁﬁedn@uktﬁeQrMMenwaeuuﬂunembmdmﬁﬂd%ﬁéuaﬂtuﬁhﬂm@ UMeanﬂﬂe@ﬁnay
enable controls to be utilized for other functions org;unctlons ot her than

oper at i g’ RS PRERNER PEHEIREF By atitt hg Ry rudbe et aiera bt SCHREY ol
butt ons 09@0{)@1?15 dﬁ) defGin \Fﬁmumﬁxéfmkt@d sipihes nf'(zqukrvﬁiiﬁam% dk ?%9 o8 1{(}?%1

device may be util 7Zed for Strai ghitening or curving the sha
oper at i mgerap adipat srobtisagye chivaolrapt Sy shafhd. 7fdepersiat er ihziapplication or mc Fo;

example, the rigid shafi 4.7 may be bendable or the rigid shaft 4.7 may be annealed or
softened in order to alter the shape or curve of the rigid shaft 4.7 by hand or machme. The
rigid shaft may be annealed over the bendable portion of its length and hard near the distal
extremity to reduce the likelithood of bending or damaging the shaft near the cutting window.
0250] As shown in Figure 6, a Shaft Carvatare section 4.3 may be provided  the nigid
shaft 4.7. The ngid shaft may mclude one or more shaft curvature sections. The shaft
curvature section 4.3 allows the operator to position the end effector 4.0 or the distal end of
the end effector 4.0 or the distal end of the cutting device or other device in an area of

anatomy outsicde of the line-of-sight of the user. For example, the shaft curvature section 4.3

A
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WO 2012/ 003383PCT/ US2011/ 042686 102731Jr one variation, the device may

i nclude a handle having a trigger. Actuation of the triiwer may cause a
cannul a owoheawbssposi ti oned over a flexible shaft extemrdirng2dinomeshe
handl e to either extend or retract, depending on whether the bigger is
pressed or released. The extension or retraction of the cannula nmay cause
the flexible shaft to straighten or curve. The device may incl ude aroller

bal |, knob her ntro hanlsmfor adj usti n r for_turnjing ontoff
e Py o bAand AR S FE St RS Pani o BUalie Hercan duh rarbion ) .
such a kpehnes of 8llrBsg Qﬁili t|4 ’WEV tHReLPP S hAReL Q5 & h@n;ﬁ%&kﬁgnﬁl&\ﬂ' ﬁ@mﬁucr‘
that the knob or roC] er ball may be mani pul ated by a'thumb or other “finger

on the hamefasslihizny ithey hzaﬂ;@ﬁr@moﬁdwﬁe 'device or on a free hand of the user.
Thus, tin deV| ] g, ot her
nand of R usel PonEREr Panty g Gehde el SUAil st bReLEguRfr e 4y

attach tecatdiendewat & thitheh Chotduewatibaties Bxclisedhii AaYenRNR RRWRL%ré he
mechani sm For exanple, a "Y- connection within the handle of the device

may conrbelt “Tfﬁé‘?t\ﬁa@wm source to both the cutter evacuation tube and the

o s B2 jed qufﬂt)he M‘f%m"\fl% ﬁ‘?&h??mﬁﬁm‘e%ﬁxé' {T%mé‘z E@”’:}hégﬁ{ﬁ digef et

pressur force a evacua eXxcCl se

during ajper. atﬂaonumihdah&x, mhcanmamw{a o2a4dihhe ih@ﬁkﬁﬂmsﬂhﬁﬂﬁ@ﬁdhﬁﬁctbm nhe
vari ations eﬂﬁ;c“ bed herein nma %gt uate a utter aut ompti cal Ig usi ng: a
mechani SWEFBAEPEET b dr: ExtBrIHY ’&édﬁhﬂ?f"séﬁjF‘E@U"Wﬁém@%ﬁé‘f‘n‘éb“ SMIMS oUr ce

may be qpaneetsdel Ode Q‘%mﬂ Wi 68 vl stﬁi\{ hﬂ% @H‘:ﬁ\t !rﬁﬁ\cé &efifk‘élzﬁ'ié&ﬁ{z Snillgye

cutting and evacuati on, erefore, se o e external vacuum source to
power t hie: gilt ¢fahe bsd u:ﬁmpire@t(edz &wmhﬂu&efﬁquﬁi\nm,ﬂ@x@mhduhdilttmaLh poweruhB80Ul Ve

such as electric ressed | . or mechani cal e operator.
05752 BeTTLRE VRLTHBE 3 Stk Tubtipe Hetia e Fe e PL kIS SIS oGRSt | gue
may be rsﬁ@‘é?@@zcﬁ%tn&%@bﬁx@uﬁ@i& St RN m%mﬁﬂ N&at d1e4 QRENALREr {1PoRNUal |y
actuate the reciprocating nechani smsuch as via button or trigger

mechani gwrtion afohe dive! sgicobl hadwtapinot: Lﬁméei trh‘eu@uvma\ﬁ here theatritiondingy

7 educ ngoune aHE a0 Rt E: Sufle ETUEO e VIS P BB R o1

vacuum gser Tiot AGEISERThREdgULIakayTRY aadi hewf&ﬁlemﬁp%t@imﬁ o i fRe pFtalof
actuation to be noved froma "primary" position such as a trigger or button
to a "séspidr g ipssilditeriomudnet wher sevehivdhe disnd daegtisgulle otehearstionar y

control ViRYe H’l% LHML dhzt? CHHH?LL &rﬁﬁl&&mt thﬁ drj Q}{Er\hga&xb Vk{gu(l;ﬂaé Pﬁthq WL ﬁfiﬁrﬁe& ani sm
actuates or as a curva or as a
control 4f bis canered &@ﬁ‘lﬁﬁ@ Butre Dysislyip dm, ihe\l;‘lal Z0A2F 0838 8 3RCThUSZDA: 1502 68 6
the distal direction or it may cut andfor scrape n the distal direction in a limited manner.
j0253] {n certain vanations, a fhud hine 4.8 may be affixed or attached to the external or
outside surface of the Rigid Shaft 4.7 as shown in Figure 6. Qptionally, the fluid line 4.8 may
be contained mside the Rigid Shaft 4.7 by a separate lumen within the rigid shaft 4.7 or by
allowing fluid to fow through the main shaft lumen. The fluid Line 4.8 allows fluids, e.g.,
saline, water, air, etc., to flow from a source of fluid external or internal to a device to the
distal end of the end effector or the distal end of a device or cutting device.
{6234} A scraping edge 4.1 may be provided or located on an end effector 4.0 having a
rigid shaft 4.7, where the rigid shaft 4.7 and scraping edge 4.1 allow side or axial forces to be
applied to the rigid shaft, scraping edge, end effector andfor to a device attached to the end
effector to effect scraping or cutting of tissue in a vertebral disc or tissue in another area of the

anatomy, while nunimizing or preventing deflection or bending of the end effector, shaft or

A
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102771A knob, trigger, roller clanp, or other control interfaces may be
used to control the rate at which the vacuum nmechani smreci procates. These
opti ons awbawm2desssdevi ce to be designed in a variety of PconfSe@1o8m86 ons to
suit various surgical specialties or personal preferences, 102781The
various pneumatic | ogic sequences utilized by the systens described herein
may optionally maintain high vacuum t hroughout the engi ne cycle by never
venting the vacuumsource to the atnmosphere . As a result, the vacuum

pr essur STRREE 56 118 8 SIRATIIGY Rc TR SRt FHPTPRYPRSLe TG BFEREET AT | e ¢ he
mechani M, @CHE P& Spind AR AL Audh NOF Lt dPBsHE OMHEBRIKAG UHAPRQUVHSERLP the
device to serve the functions of tissue ctutting, evacuation and To power

t he mechamosiom ahthadissdced of adexibly proieagid vy lesutipershatipr bed effictéraed. The
single tupe. fromthe vacuumsource (;si i £ conpections requir for

devi ce. SHRTRIFON4a PEIHBL HETn bR ooy b ETBE eie B HkeThe ce

t her eby sheeueirRBobd @xiaCidilah@inen@ Rt VLRI MBS Sor §ANS 86 iy arlit e legfetiibes
and wire connections to the device. E02801ln certain variations, a second
sour ce afavaBtitn ety policddas snehtisnasusle pareesra) deaimisoditesaiioner
the rrec%?P by [ﬂu@aﬂ u‘ﬁ{i}?ﬁ/ L& ﬁ'}‘!ﬁ'tb'eg)n}sikign&bfﬁiiag:!eﬁll t%lﬂtn?agm?tf \-\-’?i%\&’c{%tpt@!gi%gﬂ device
or end effector tTor excising an For evacuat hg tissue;, I'n certain

vari at i ge&pin@nRep® hedfBf fReawadituir $Othe cagc ndéononewiam Maresd $Halss afedcondui t' s
connecti,g?___a vacuum source to a device to supply syction tq the devi {}:}e

and/ or t82Pdwer It GELHEAEEONR YT BRPYAIET {0F 8BRS 55 BV ‘Héé‘f‘l’JF‘QZBE{’E‘N‘Fﬁn Fa may
be used ;a8 b€ i{diRik bh endbRldort OHENANGFLDLINERLELS s Rhnif b SAL IS RIAR bOS
shaft i r?ﬁgmrahge lﬁébm Rear Iy Stra gﬂt to curved in an arc of ig‘é’ degr ees.
Thi s al ldews chilef dpendtedicciboaabtticnirzeort haspiug watgw, edg@h of hetshakd plraseddon

the patient anatony. The operator can increase ar decrease the force
bet ween 4 RedEHGFHAtsdo B}?é*“ Ripeee Fady B HE h’g‘?%fg%i%éﬂd}b’?f wRbnAPask

retract ing eieneann h%]ﬁoiiﬂmit-g';g Es‘%%l%ﬁiiélﬁ?rﬁg Qlﬁﬁﬁﬁ%’%{ﬁ)fﬁ;ﬁ@dg@% Wirdhe St (Qfue,

curvature of the shaft. 102 tionally" an electrically resistive, or

nmonopol endior agipod ara balitasrd yominyroben agadsiontahpegesdiakiat fophoferaihes dewisces
descri bed herei nj_‘tto_,?zl I ow,Ilhe, oper at.or to‘ga{gt erize ti ssue it 0 &tor}:; r ol

bl eedi nd® SR L iREr d PF FEERBERARSHURR SR SOI T E F & W Sbvi at es

t he needvih@w @pBMRy tig @M e&cfibem the operative site to replace it with an
el ectrocautery device. This inproves speed and ease-of-use for the operator
whi | e rdRRGing b1 e waigtipw: thew@diggiﬁpt@ﬁ{nay include a scraping edye positioned on a

distal end of the end effector and one or more scraping wings positioned at an angle relative to
the scraping edge such that the scraping edge and scraping wings can provide a scraping
motion in different directions.

{257} Fig. 7 shows another variation of an end effector 704 or distal end of a catting or
scraping device. The end effector 704 may mchude a scraping edge 701, a window 706, a
reciprocating catter 702, andfor a bhant distal tip 705, The reciprocating cutter may be
posttioned within the end effector. The end effector 704 pray include a nigid or flexible shaft
707. The end effector may inchude one or more wings 708 positioned at an angle to the
scraping edge 701, e.g., such as but not necessarily next to the window 706. The wings 708
may be used to scrape, gather andfor cut tissue,

[0258] Wings 708 may be positioned on the end effector at an angle relative to the
scraping edge 701, For example, the wings 708 may be positioned at an angle ranging trom 0
to 90 degrees, e.g. at about 90 degrees, relative to the seraping edge 701, The wings 708 ave

positioned at an angle relative to the scraping edge 701 such that in use, the scraping edge 701



WO 2012/ 003383PCT/ US2011/ 042686 102831The devi ces descri bed herein may be
manuf act ured usi ng | ow cost conponents and assenbly techni ques: as a
resul t, twe 03B the device is nmuch | ower than a sinPCarusdevioemssahi ch
utilizes an electric nmotor. [02841The devi ces descri bed herein may have a
relatively | ow mass and may be easily sterilized using commonly used
sterilization techniques such as e.g., electron beamradi ati on, gamma

radi ation, or Ethylene Oxide gas. 02851Cx her.variations of vacuum powered
ovi ces BT HBTETAR B oy He A B bTCEDH Brdiphe | PaHLHEAT O my
utilize eRGRAN SMRVEEREH HNisdkseX L85ANRre SO SRhOboKACHIRK L ApREMhE @RI ONe
or nore function(s) 'through reciprocating nodtion outptut by the nmechani sm
The devietlectrnyrapyeinsbzanid cevacapt snd'inasder tiThe idevpioe onayndalse. agsingl e
att achmsnvt.f to ?n external vacuum source wherein said vacuum provi des power
to the MEEREAASHEHY dssists in excising tissue. The device may have a
singl e gbtghmeni thk QaditioRX Hedchakd NaEMUMe IDHESRMNE BRI dhdS@fetiovAGHHAR provi des
power to the mechani sm and assists in evacuating tissue. The device may
util i ze davises RadipsihetrEpuTseParens of (hricpd effnepisi dads onBgdcasere mamdy tion
past Va'&(&ﬁﬁg& ghange m?cg Aot T)‘E‘&dgg\’d &een&ﬁgmn% is WD hAGEXLERDAL MAgHUm
source t0 anbi‘ent alr at any e uring 1ts cycle tl(nere]g)y causing a drop
i N vacuumiwidia dhetdiende vl de. vafibes devpaeniay dienoludcarf drakd dhvéceshafdnet hat
has a prefor rreg curvature on t%‘di st al porti,&q and a straight rigid or
semi - ri §F HEARNGE 414 PERMETSOR ST S BN B 0EVIGH 4iEligshi t the radi us of
curvatunga@ e Shafd vaimoRe uRNARGRC RS b diibts hiernaBRRMLAL QKRR bR
di stal curvature Whereby t%e radi us o? curvature I's I ncreased when the
cannul a cid cExttencied bousnd wihlea divstabdr aurafxtuwr badng a theed os ttadiglodlewdtaise
returns to.i.ts preformed curvature when the cannula is retracted fromthe
distal ¢V e. The device may include a nonopol ar el ectrode or bi pol ar
el ectrodgsein OrLNEAfind A&k draftt BAIHEW Letbig HEVECRITBY 1% R:A ST Ngl e
connection to an external vacuum source that powers a vacuum powered
mechani shacaridmgwactar syneyededdresi dddeonalhe ty duylaes dovended hoamtoaabe
ext er nal .Yfaccgu‘m‘_,sgltfirce. m?i)r( .al so yse vacuum ;[jp ‘dray\{.t{j ssue |nt o‘q‘_cﬁt ting;
wi ndow t-8UETELERDY EF SETE % S FRSTBEFEOSRESP YL Y EaPE Ot 1k Rue T8 1A
nmedi cal \dawhCRuIRY il NEAtEEs ar ARGREDLEMN . PRVRKEEIpRY tRNlceXhedRRtibARIGHEIM sour ce
wherein said nechanismis conprised of a piston that is set into notion by
cr eat i nghai Fereiand iafxcpe a84 G BNy edir EHIGUAE) \EBT titshes PicstipmcliirePat whe
si de of RISt as, =N Lhe alr. on. the ather side of. the
o1 ston (G SHER (A% MRERb kPR R Pl R P Bl BGBLT, o
conponemprodeliades apens:, e cxodeun® texds ik chetthegsPlistromdintogiin ated o piia; anbi ent
air or vacuum qu val ve conponent may be actuated as a result of
t r ans| ati8i§s 6f C¢'FdTPR SiTGhat el FRUCAEPIBREN acts upon the val ve to cause
it too 97 chased bhsedd Wil 4 COMNEEL QNS “tiQe LENL oBdkd 4 OTy R Oi5NEEXt er nal
vacuum g%br e. %8%3%%12&%%% ﬁ!cl)g ‘l? g‘?ﬂ?gﬁgﬁ@% g%fﬁ%ﬁ%&: E?Ttn%@rr‘e%ﬂa!éfpg %ﬁgéower ed
by VaCUlMtteo4 £ ambeta Digichalstt ¥ dlasedoto ic Fanget stranesdwhecter of Bpuadegoat e
vol une i)f _ai(r‘] Eas been e },a(_:u.qt_._e;ﬂ, _ﬁr‘!vqr _go_’_‘do‘sing the val Ye, to the external
vacuum SE0FEE! S ERCPRAATY RESTREEHEN GRPELRTI T e¥™P HHE0 S ledSiHs "l uat ed
;/ol um;_ fﬁ%@ﬁ:lits @étrtfd?@fMﬁﬁéﬁml@'L‘al:;%riﬁgﬂﬁﬂﬁ !saam g@ﬁzegfmapmnﬁaﬁsé@Hﬁa@uspf vacuum
o a different volune may al'so be provide
pulposts, to tough tissuesy such as End PF}')ate cartilage and ligament, to hard tissues, such as

bone. For example, the end effector may be used to prepare the ntradiscal space for vertebral
fusion procedures where, e.¢., 1t may be desirable to rewove the intradiscal nucleus pulposis
and End Plate cartilage and scrape the underlving bone to cause bleeding of the bone to
promote healing and fusion between the vertebral bodies and implant.

{0263} fn certamn variations, an end effector having a Rigid Shaft, a Reciprocating Cutter

4.2, and/or with or without a Scraping Edge, may be useful for excising andi/or evacuating



102881The met hod may i nclude the follow ng | ogic sequence: Vacuum open to
the distal side of the Cylinder, anbient is closed to distal; anbient open
to proxi msiD28i2dw3338 Cyl i nder, vacuumis closed to proxi marusBdigioamssadvances
toward distal position due to the vacuuminside the distal side of the
cylinder and anbi ent pressure on the proximal side of the Piston; Piston
contacts Shuttle and advances it toward the distal position; Vacuum Seal on

Shuttl e noves fron(}ﬁrom ,?l de of Vacuum Part, to %he di stal si de of the
Vacuum BSHHES WhPIPEeHRE 508 faf ' BARFNGR™Y nERGR H 9%‘“0‘8 1S SEFHEHRDI ¥t air to

vent t heqohadal nesi @@m%ax&@% weklh RARkode BRIBNITIRN £33 W8oR AL ik P& chinexi mal
Seal on the Shuttle closes the anbient air vent to the proxinmal side ‘of the
Oyl i ndenigibitationt ewrtb@g adicrapeny béuedrd ) mpyds qwm‘ctihef Erodxigaito tierfestiean due

h bi
the o st cSrsuion ety & hBr eBlR e’ SubrT v B R ances toverd’

the proxkdiBlocRAR duiens 2 YagWHMeSeabindghutithe, KR Sist oM coti dkfesbHgapf
Vacuum Port_to the proxi mal side of “the Vacuum Port while the Proximal Seal

on the $utdiEed ghels awe” arbpwrtangors sweirehproesirgsr oxi mal end of the
l'i nd nbj th
?’nb: gnter[a%@ Sen{}s{%”‘ e?zf)é{{cf rfen%l gbﬁe\ﬂfﬂ%n@fﬁeﬂﬁﬁ }.JFlﬁmSiQ%% &y {?x 18?65 €

repeat unhessclishg, vagpugosoukcaingraiedcendeat®edd abaened of f, or if the
vacuum i s_inadequate to overcone the force required to moye the Piston_

1028910303 %Mal | &P COFHI VBIHOR: eV IFh B1Y M e g PHBOR RgY N8HTER S8flience:
Vacuum opeR. o 1:hee Eﬁkﬁf ald a*me\%e% , @( @@&ﬁ%ﬁﬂ%ﬁ%eme il sed to

di stal ; "anbi ent open pr oxi nal I st on advances toward
di st al musxmturmn"i"hlmémmmma mhapwdrmr mssrrden fihe a dinstudd osihdehofhetdhibe dyslidinder
and anbi e re o the |mal e of the Piston; ston cont acts
Shuttle taﬁafﬁ gﬁ‘g&“ if %‘Mvé ’hér‘*?fi“ ‘ﬁ&\ v BlyaignpH: “%‘é&i&rﬂ“s&&?}”ﬁ N () e

shuts ofihe MAGUEMILO1 Bl @th%h%\»%d%a@fa §1ﬂ&nﬁ'tﬁé %ﬁe}ﬂﬂ 5O QURURS b A1l opve
distally thereby opening the anbient "air sup El to the |stal side of the
the

Pi st on; iwemnkm@pmmgmmrfsvaa?@stu‘mén Fh%siﬁ @m‘l o h@afpm;xihmmdt‘mcfmon due to
t he equal i za,: f RLESS “a Q? g % ton,ﬁ Pi stq{g Shaft
cont act $*&REY %feéﬁ'&‘i‘ﬁﬁfl CEPREL G VR g, s 8”3 %“:‘H‘é‘f"e W%%W HONSHITE E" Seal
on t he Shitdid er hwdhs of f anbient air supply to the distal side of the

Pi ston and opens the vacuumto the distal side of the Piston. The above
steps mi{24peat hudnaws deyraibod beiam eludea Meshulivs oaneEH &Y 2 \CarHRAOWFE, or

if the V@gwggﬁég n_m@@sﬂgge&%a sp%?afam%& ! d&m_ &ﬁeﬁ,&aﬂv .5@&;& Ore;@&%nme

Pi st on. n anot her r| at

. reci pr acaticd @f Catuubng iﬁha&&h&uamiﬂs thn usdidal eroeatmr@en apﬁi@m&du&iﬁxt i ssue
that uses a reci procatl ng nechani sm l&)ovyered by, an external yacuum source
i

that may HEea) geHcTarliFe ATRAM OB BEAURIMRY SRR Pé‘f%fl%%}*é%mé‘f@“vg HURYFS
present m[&%%éhémﬁn%@ﬁ&/ Hsef ‘i}ﬁﬁ?ﬁﬁcﬂg&kémﬁ%@ &tﬁhﬁm ofhY MLHI&? §1'<,9§9§alt/%1dt he

vacuum power ed ani sns descr | herein are exenplary and are no
i nt endedhd¢ devhe hanmneiudg ov&029Q1 Earchiradont hetutandi: vordbiabtiotaw tthtmammdes cri bed
and. illust rait ed herein has discrete
powered recyrocating mechanssm.
f0267| In certain vanations, a device using an external or mternal vacuum source to
power a reciprocating mecharnism that is connected to a cutter thereby causing the cutter to
reciprocate may inchude a “Y” connection within a handle that connects the vacuum source to
both the cutter evacuation tube and the vacuant powered mechanism. As a result, the vacuum
performs several functions within the device, such as: powers the mechamism which causes
the cutter to reciprocate, draws tissue into a cutting window such that it may be excised,

andfor evacuates the excised tissue o a location external to the device, while mamtaining a



conponents and features which may be readily separated from or conbined
with the features of any of the other variations.. Mdifications may he
made to awl@pEb12z00paesti cul ar situation, material, conposi PCEOMUSR110BIBET
process, process act(s) or step(s) to the objective(s), spirit or scope of
t he present invention, 102931Methods recited herein may be carried out in
any order of the recited events which. is logically possible, as well as
the recited order of events. t hernore, where range of v Iues .S

Pr oV QedOTSYER' SFHITE PRSI §Y ol e DECHREH THECS1p 98 Cad NOREFHITH UHIE ¢ ha
range angigRYafisher stated or intervening value in that stated range is
enconpassed within the invention. A so, any optional feature of the

i nvent i JBZ68dr i atﬂ @rsindesiohdire d cuttay doecs Boplbweth 2 gndunial e o md@b@rﬁent ly,

02041 AR e gL b TR TR b e ar g S (8RB s SEEaRs

pat ent s, RAKLERG VaRRIsbe@Rht MR 2N thardwah Shurk s flbRCAE PREBLR: 1DMIeh glance
herein in its entirety except insofar as the subject matter may conflict

Wi th t ha® FERmERés bﬁe@@ﬁtmphveﬁh@tﬂowﬂtmwWhr'tewf‘@é@eCW‘i’aftHﬂr!@mpﬁ%@ﬁt Asér ei n
shal | preyal !h)e \aun%t 3%&&&?[119&91; %u%%eﬂ{ﬁt tﬁé O tﬁ’é?%uf& £l %{mn ~,§ széxtiﬁJnMO( not hg

di scl osure.
her ei n nSeﬂmzhe construed as an adn155|on that t he present |nvent|on is

not entitled to antedate such naterj.al vi rtue . of ﬁrlor nventr WO
2012/ 0038HSbCT/ sty GABRE:. F@E@B}h@té ‘éﬁﬁe’*ctlbc‘*a“‘* % w@hrahafrtﬂérﬁw i ncl udes

the posgiliiid rYssﬁél% 8 é{? s A Heh H}&‘ﬁ 08 h{g Eﬁ%%g{éﬁtxé LSRR oPLRSGRE 1y MOr €

specifically use erein an clalms, the singular
forms "&x&n&mgoinksandgmandefﬁhe&tnnbtum@nphwbahnwemenmpnscdnless t he

context cl earl icta ther se, it is further oted t e, cI |ns may
be dr af t“éiﬁ“*’t“ée%@éﬂi‘*dﬁé “a?sﬁf TR A C S S RGO tﬁ‘é SPERT- sg‘é‘ﬁ‘a& "1‘

i nt endedpéfn 8RK V8 i@Drihed ?ﬁj&ﬂt ofttﬁé 1SyifQlor '*J§&mﬂ1 Fo e de8XGl SR hm,m
term nolo "solely,” "only" and the |ike in connection with t

g
recitatif8h ’yﬂdf clraienel \weanoss, ri@museidoﬂ lwd' megrathioud’ !30I>!ilimlttth¢\k0ﬁ’lb flmitiiss

defined oth nlca i fic. her |n have t he
ot roatief st oy Bl sed F0 ARG R be FREW B SR e b TR B AR B [hecart
t o whi chyrdhiisd. i TheaRERLOBF bel-angSot 1hOARGTTRL & dilsieh aRWHIghsaiDligiti RE@MERd t O
be imted to the scope of the particular fornms set forth but is intended

t o coverexignded par e vadauitiortal he plait, &ﬁ]@le@qdre\raqhéw%werawwemﬂm11@& ons
descri bed herein p{cFH{ EB%ﬁa%Rh%n%ﬁé)%a% is R{?ﬁ‘u ﬁ%ﬁ n?ﬁ ‘8\' o}‘ug[‘?aht%‘?ﬁfpas.ses

ot her variations econme obvi ous ose S art In

vi ew of shéfi.s di sclosure. The scope of the present |nvent|on islimted

only by the appended, cl ains. CLAI NS
f0271] In certain variations, an electrically resistive, or bipolar or monopolar
electrocavtery system is mcluded on the distal tip of the shatt that altows the physician to
cauterize tssue to control bleeding at the operative site. The electrocautery system may be
powered by wires that run the length of the shaft through an internal humen within the shaft.
02721  In certain vartations, a cutting device utilizing any of the varnations of vacuum
powered mechanisms described herein results in automatic actuation of a cutter positionad on
a flexible or rigid shafi, thereby providing a vacuum powered cutter. The vacuum mechanism
for actuating the cotter may enable controls 1o be utitized for other functions or functions
other than operating the mechanism, thereby reducing the number of levers or control buttons
on the device. For, example, other controls positioned on the device may be utilized for
straightening or curving the shaft or for operating or controiling bipolar systems for

cauteri zmg.

A
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What is clainmed is: A vacuum powered tissue cutting device conprising:

an el ongate shaft having a proxinmal end, a distal end and a | unen defined

t her ei n, wbepneio3ishe di stal end has an openi ng for recePCIrNF24119$2686¢

a cutter positioned within the elongate shaft, wherein the cutter is
configured to be reciprocated to cut tissue; a chanber coupled to
the proxi mal end of the elongate shaft such that the elongate shall remains

fixedr ,ve o the chanber, the chanper havi.ng a mechani sm positioned
hor e n 08T of H- 50 THERHA SIS BOWBT BE° B IS IPORE & Fedibbd BoaoY & dam
source SHChihBabad BRIRERAUSH NEAUYEeRoRed KL RTRERId MENRIhAMWRIng thecauses
the cutter t'6 reciprocate. 2. The device of claiml| , wherein the mechani sm
i s powereadis ot elther bytesdiot ieoncicderndida oy vtiethey Seuvaegoupsesed or released. The
device of claiml . wherein suction fromthe vacyum.saurce draws tissue
nto tha EERTRG" 8! FHECHILEE Bmlrn Rusois BT HETdhcterh e s R gur e
to reci pneeRiR: pAstindiig: PRERL BA|, IBob beoebargabEmstiahisnt @ Gifustdleosttbssue in
the opening_ 5The device of claiml, wherein the device is configured such
that cutumpgstientf saepgriiay o8 aphicstigev an theveby uatulgn chigmanpead. tee esivaiigat e

shaft by, SPELIANGHRAGEH 193/\, 6@;%51@%%@5 T ﬁgeucrl,&{%_ig device such that the knob or roller
ball may be manipulated by a thumb or other finger on the hand holding the handle of the
device or on a free hand of the user. Thus, the cotting device can by used with one hand,
freeing up the other hand of the user or physician for other uses. A single vacuum line may
attach to the device, which both evacuates excised tissue and powers the mechanism. For
example, a “Y” connection within the bandie of the device may connect the vacuum source to
both the cutter evacuation tube and the vacuum powered mechanism, where the device
maintaing a consistent vacwnan pressure or force at the cutiing window for evacuating excised
tissue during operation of the mechanism.
[0274] The mechanism according to the vanations described herein may actaate a cotier
agtomatically by using a mechanism powered by an external vacuum source. The external
vacuum source may be connected to the device 1o provide suction to facilitate tissoe cutting
and evacuation, therefore, the use of the external vacuum source to power the cutter is
completed without requiring an additional power source such as electricity, compressed air, or
mechanical input by the operator.
{62751 Because vacuum power s used to actuate the cutter, operator fatigue may be
reduced as compared {0 a system requiring the operator to manually actuate the reciprocating
mechanism such as via button or trigger mechanism. Also, the use of vacuum to power the
cutter actuation may significantly increase the rate at which the cutter actoates, thereby
reducing the time required © complete tissue resection.
0276} The use of vacuum power to actuate the cutter may allow the control for the rate of
actuation to be moved from a “primary” postiion such as a trigger or button to a “secondary”™
position on the device handle. As a result, the primary control may be utilized to control the
rate at which the cutier mechanism actuates or as a control for the yadius of curvature of the

shaft, or as a contred for an electrocantery svstent.



The device of claiml , wherein the device is configured to receive suction
froma single vacuum source which supplies suction for evacuation and for
power i ng wbeoreaobisai sm_ WO 2012/ 003383PCT/ US2011/ 042686 PTT/iseo1d®vicse oOf
claim1l1, wherein the elongate shaft has a. lunen for delivering irrigant to
the distal end of an evacuation lunmen in the el ongate shaft, wherein the
irrigant does not flow through the | unen unless suction fromthe vacuum
source i resent. to draw the irrigant, through the |unmen, The device of

ol ai m . 1028her ek ReMhSmistET FamProk SR ORI HA S BONE COARRKIE the

The devige w0fhfhahdhRanBE@LRsENBBARME TReROBHEL MR AL ddRcanale
relative to the elongate shaft thereby providing a clear line of site above
and/ or tdesighsl iniadariefy Hvenbpongatsdo shiafarioutQuiphal seviadiessef pelsasalt | wherein
t he chanber and nmechani sm are positioned at an angle relative to the

el ongat &"SRAPtS™ wherein the nechanismis connected to the cutter and the

nmechani §or7&gci PTRE alesis bhQusaidieicisByRnt&akilil-bDBAfhe QR desklibed haellevi ce
of claim1, wherein a tissue collection chanmber is integrated in the device
such t hasayetovally orintie bigharperm dirsafiossthe kacigeyyde by never ventighidedevi ce of
Ch i 1RSSBS 802l L, BBl LG5 B0 SRt o

evacuation may not decrease while the mechamsm reciprocates.

{6279} A single tube from the vacuuwm source to the device to serve the functions of tissue

cutting, evacuation and to power the mechanism which actuates the reciprocating cutter may

be utilized. The single tube from the vacuum source sinplifies connections required for

device operation and reduces the nuomber of tubes attached to the device thereby reducing the

“clutter” and unwieldiness caused by multiple tubes and wire connections to the device.

02804 In certain variations, a second source of vacuum may be provided such that

separate vacuum sources power the mechanism and provide suction to the distal end of the

cutting device or end effector for excising and/or evacuating tissue. In certain variations, one

or motre vacuum sources and/or one or more tubes or conduits connecting a vacuum sougee o

a device 1o supply suction to the device andfor to power the device may be utilized or

provided.

o281} A cannula may be used on the flexible shaft to change the radius of curvature on

the shaft in a range from nearly straight to curved in an arc of 180 degrees. This allows the

gperator 1o optimize the curvature of the shaft based on the patient anatonyy. The operator can

merease or decrease the foree between the shaft and the target tissue being excised by

extending of retracting the cannula to increase or decrease the natural radius of curvature of

the shaft.

{02821  Optionally, an electrically resistive, or monopolor or bipolar cautery may be used

on the distal tip of the devices described herem to allow the operator to cauterize tissue to

control bleeding at the site where tissue has been excised. This featare obviates the need to

remove the device from the operative site to replace it with an electrocautery device. This

improves speed and ease~of-use for the operator while reducing blood loss for the patient.



13. The device of claim1l1l, wherein the nmechanismis powered by vacuum
available in a physician's office. 14. The device of claim1l, wherein the
cutter iswea?2oad3isg bl ade and the cutting blade is not expased10m686
outside of the opening to provide safety to patients. 15. The device of
claim1l1, wherein the vacuum powered nechani smreciprocates at a rate of

| ess than about 1200 cycles/inn], WO 2012/003383PCT/ US2011/042686 6_The
device q l.ai m. erein the eed of the cutter, ranges from 250-2500
Coel oo a2 M O ke BB P PG B v s BHROAES | Ses a
pi ston, WHeERhMDIS RehEHEL! &M feSuRRRY dRHof @e BOHR: BI:HRS 18fcALRN ALRMIAN an
alternating manrier to cause the piston to reciprocate which causes the
cutter tdevicecihpooitzes angectihenadavi ce of claim 17, wherein the mechani sm
CONPri SES, @ f1rs | ston _an .second piston wherein the firs iston is
coup eq 13 he The S AeRBheR 25 R Pl i PSS winsh Tud a2 bsBedbio | on
from t heehit:ad uphStO@AMbOIviRE! se6RAGREhARuedQich b e deMb@Rnteal radittida,
further conprising an el éetrocautery wire positioned at the distal end of
t he el ongawe wHigien, @dihyiene Oede ees.of claim 1, further conprising a | umen

B L T T
For example, a medical device may utilize a mechanism powered by an external source of
vacuum to perform one or more fanction(s) through reciprocating motion cutput by the
mechanism. The device may excise amd evacuate tissue. The device may have a single
attachment 1o an external vacuum source wherein said vacuum provides power to the
mechamisn and assists in excising ussue. The device may have a single attachment o an
external vacuum source wherein said vacuum provides power to the mechamism and assists in
evacuating tissue. The device may vtilize a mechanism that does not atilize inertia of mass w
transition past valves to change state. The device mayv not vent the external vacoum source to
ambient air at any time during #s cyele thereby causing a drop in vacuum within the device.
The device may include a flexible shaft that has a preformed curvature on the distal portion
and a straight rigid or semi-rigid cannula around the outer diameter of the shaft; the radius of
curvature of the shaft may be changed by sliding the cannula over the distal curvature
whereby the radius of curvature is increased when the cannuola 18 extended over the distal
curvature and the distal corvature retorns 1o 157 preformed curvature when the cannuda is
retracted from the distal curvature. The device may inclode a monopelar electrode or bipolar
electrodes on or near the distal extrenity. The device may have a single connection to an
external vacoum source that powers a vacuum powered mechanism and evacuates excised
tissue. The single connection to an external vacuwm source may also use vacwun to draw
tissue o a cutting window to present tissue for the purpose of excising said tissue.

[6286] A medical device may include a mechanism powered by an external vacuum
sowrce wherein said mechamsm is comprised of a piston that 1s set inte motion by creating
differential pressure on either side of the piston wherein one side of the piston has ambient air
and the air on the other side of the piston s at least partially evacvated. The mechanism may

mcinde a valve component that opens the volume next to the Piston alternately to ambient anw
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A vacuum powered tissue cutting device conprising: an el ongate
shaft having a proxinmal end, a distal end and a | unen defined therein,
wher ei n twe 2di2¢ais3end has an openi ng for receiving tis®a®/US2011/042686 a
cutter positioned -within the elongate shaft, wherein the cutter is
configured to be reciprocated past the opening in the elongate shaft: to
cut tissue in the opening; a chanber coupled to the . proximal end
of the elongate Shaft, the chanber, 'having a cutter drjver ass I

oS! 1 orBARNEE ol 1 Vet STRP e Db B SabEh iyl 6h pERETRg0ty

suct i on af-eak gt MYioR AR GHHMISAUNG0 SHER it BRbed BEcISHLETRT INBEcRaSRIDI Y
produces a reciprocating notion which causes the cutter to reciprocate_
advanci mgbaent atrtor trythd evfeos! mactunt ®ugcet ar get tissue in the subject, the
cutting ice bavitl ch.fa an. el one%at_gm ih@ft “{and a cutt &r posi ti gned v¥| t hin
the el offAU4 shafPehod o caliied TR PHE E M PHESHBUY 87 DY AT L0 & F8K K eat ed
by a vaguimabeuyiseh U Ratehalhetdhieat MdghRg vERMICE A0 Be8SedchiAEL PrAGat | Ng
moti on which causes the cutter to reciprocate: cutting tissue with the

reci pr ochtineghe uelve o tha guteavhivatmyudseneluthat the supshysFRGORIBICS HoRedh
created oy tﬁ@?\sa\é&ﬁg&%iﬁ%‘é 68 &l Qﬁh.@f%ﬁiﬂpﬁmgfqo% i @a%%ﬁe w&éé‘(ﬁf vaCQURM ST Ng
drawi ng target tissue into an opening in-the el'ongat’e shaft using suction
from t heo v aciirentsolimsenahio &k Prdvidedcut ter is configured to be reciprocated

ot hod QPSR a1 T PoCRG BTG RS B QR NS GHE SHOUENE: oY SHUHE R e Gt
side of the Cvlinder, ambient is closed to distal; ambient open to proximal side of Cylinder,
vacunm 1§ closed to proximal; Piston advances toward distal position due to the vacuum
inside the distal side of the cvlinder and ambient pressure on the proxamal side of the Piston;
Piston contacts Shuttle and advances i toward the distal position; Vacuum Seal on Shuttle
moves from proximal side of Vacaum Port to the distal side of the Vacoum Port while the
Distal Seal on the Shuttle opens the ambient air o vent the distal side of the Cylinder to
ambient pressure and the Proximal Seal on the Shuttle closes the ambient air vent to the
proximal side of the Cylinder; Piston reverses direction and moves in the proximal direction
due to the vacuum inside the Cylinder proximal to the Piston and ambient air on the distal side
of the Piston; Piston contacts Shuttle and advances toward the proximal position; Vacuum
Seal on Shuttle moves from distal side of Vacuum Port to the proximal side of the Vacuum
Port while the Proximal Seal on the Shuttle opens the ambient an to vent the proximal end of
the Cylinder to ambient pressure and the Distal Seal on the Shuttle closes the ambient air vent
to the Distal side of the Cylinder. The above steps may repeat unless the vacuum source is
disconnected, turned off, or if the vacuum 1s inadequate to overcome the force required to
move the Piston.
{02891  Optionally, the method may include the following logic sequence: Vacuum open
to the distal side of the Cylinder, ambient is closed to distal; ambient open to proximal side of
Cvlinder; Piston advances toward distal position due to the vacuum inside the distal side of
the cylinder and ambient pressure on the proximal side of the Piston; Piston contacts Shuttle
and advances # toward the distal posttion; Vacoum Seal on Shuttle shuts off vacoum to the

distal side of the Piston and continues to move distally thereby opening the ambient air supply
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coupled to a handl e such that the el ongate shaft remains fixed relative to
the handle while the cutter is being reciprocated 76. The nethod of claim
23, wher eWvo 2012808388t i ng device is powered sol ely by sucPcorserieatmds by t he
vacuum sour ce. The met hod of claim 23, wherein the cut tissue is
evacuat ed through an evacuation lunmen in the elongate shaft by suction
created by the vacuum source. 28. The nethod of C aim 23, wherein suction is

received froma singl e yacuum source which supplies suction. .fir evacuation
i or 1 B BT fighe PETUuREaRY Spiing MofivuHBE Plsod 1 PORAIHIESEFur 1 her
conpr i SijRg 1Ak @ILAGod b 1i8AREs kot BEhAIRE 8F 18 HekiS: BloSYRAYALIRR | unen in
the el ongate shaft, wherein the irrigant does not flow through the |umen
unl ess sthettiecomdinagimateh et indloapnmsoldoection; prigdehtalton the Sbwttlhehiits pitgant

t hrough the |unmen. .. W0,2012/003383PCT/ US2011/ 042686 30, Th t hod of .claim
23, “who PRI HEROY P S dET G s S8 A0 RRFAIE: FSahtn SR e St dhol o

rel ati vehd PistoRe 18k angat feishadit repb8 LeRYs BE QXN @cCh @Rkokicd@dOhinikitgr, above
and/or to the side of the elongate shaft. 31. The nethod of claim 23,

wher ei n % ifdhe Frag e Ve e fisame the Syperegoirpdptnor: BXNBEY and renoval

of the ‘ibi’(ﬂi? er i 5abls %mtun%udfr‘ MefRal device includes a reciprocating cutting blade such
as 1s used to excise and evacuate tissue that uses a reciprocating mechanism powered by an
external vacuum source that may be used for medical procedures where a sowrce of vacowm is
present.
[0291] The above arrangements, materials, and dimensions for the vacuum powered
mechanisms described herein are exemplary and are not mtended to be hmiting.
{62921 Each of the individual variations described and illustrated herein has discrete
components and features which may be readily separated from or combined with the features
of any of the other variations. Maodifications may be made to adapt a particular sifuation,
material, composition of matter, process, process act(s) or step(s) to the objective(s), spint or
scope of the present invention.
6293 Methods recited herein may be carnied out in any order of the recited events which
is {ogically possible, as well as the rectted order of events. Furthermore, where a range of
values 1s provided, every intervening value between the upper and lower Hmit of that range
and any other stated or imtervening value in that stated range 1s encompassed within the
wvention, Also, any optional feature of the mventive variations described may be set forth
and claimed mdependently, or in combmation with any one or more of the features described
herein.
[0294] Al existing subject matter mentioned herein {e.g., publications, patents, patent
applications and hardware) is incorporated by reference herein m its entirety except insofar as
the subject matter may conflict with that of the present invention (in which case what s
present herein shall prevail). The referenced tems are provided solely for thew disclosure
prior to the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention s not entitled to antedate such material by virtue of prior

mvention,
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The nethod of claim 23, wherein the elongate shaft includes a nalleable
portion and the cutter is reciprocated within the malleable portion. 33.
The net howloah12aioadsm 23, wherein the cutting device i s poaEUsSdolp4268€ uum
avai lable in a physician's office, 34. The nethod of claim 23, wherein the
vacuum powered cutting device conprises a nmechanismthat reciprocates at a
rate of | ess than about 1200 rpm 35. The nethod of claim 23" wherein the

speed of, cugter ranges from 25Q-2500 cycleslmn)., 36. The nethod of
o o m 230 MR er eRifiase HEo LR Holih da g GoaRuR e i st preatnal 1 on.
wher ei n ¢hhe it‘%h&@ﬁ;ﬁ%&r{! ?\4@9@_{3&&&&1‘9; Rotdha §.!ax@ﬁt§an%fm @1@4@&&{&(&' dhifk, @bternating
manner to cause the piston to reciprocate which causes the cutter to

reci pr ocatelar SpmsThe “wef HoddofndTthe mng@de phisr eblvrapireundess thapotev tlearly

rosawslar $FmSThE ‘et Hoddomn . ciniut thgniayricely
coupt ea esenuhEhBhat BB Ry ERR e PuBh e PO vl aPURn: f on

from t heidhdns! ARSBOmIE QafehRnsie GRS t@Ne adShiectigntmaibas (@f oehabhm 23,
further conprising .treating bleeding with an. electrocautery wire

posi t i onadusive taidiledyas “snidivet “ahe arldhybkeingrapection wh the recitation of
2012/ 00%%;@1%%%(}59?& Q\H{(eoél[%stﬁ%guﬁg’ I@ﬁxi%&ﬂpﬁngﬁ géfﬂ{amnf)ﬁmvfsgfz{iﬂl@&nﬁ&aﬁﬁcﬁ sing
g ation therapy e via e el ongate

del i vering an antrcoagu to a tissue si

shaft. 4Bienilhercmmi bad iefeig hatenh2 Samavheigh® ad fEnouklyiunged@sid ©¢ ons of Ul | y
di spos abolr»:,?iﬁm*}«‘ skilf 1 the art to which this invention belongs.

0296 This disclosure is not intended to be Himited to the scope of the particular forms set
forth, but is mntended to cover alternatives, modifications, and equivalents of the variations
described heremn. Farther, the scope of the disclosure fully encompasses other vanations that
may become obvious to those skilled in the art i view of this disclosure, The scope of the

present mnvention 1s limited only by the appended claims.



41. The nethod of Caim 23, wherein the tissue is a polyp, 42. The nethod
of claim23, wherein the tissue is intradiscal nucleus_ 43. A nethod for
per f or m ngoaoalogsect oy conpri sing: advancing a cutti ngCiaseaa/omsié to a
polyp in a subject; powering the cutting device using suction created
by a vacuum source such that the cutting device produces a reciprocating
noti on which causes the cutter to reciprocate or rotate; and cutting the
polyp with the reciprocating or rotaéinﬂ¥ utter. 44. The method of claim
43: further conprising evacuating th “é'j*polyp usin" the suction created
by the vacuum source. 45. The nethod of claim43, wherein the. cutting

devi ce iwhrpovwemRRrRe:asel ely suction created by the vacuum source. 46. A nethod
for perform ng a discectomy- conprising: advancing a cutting device into a
disc in a spine of a s-ubject; powering the cutting device using
suction created by a vacuum source such that the cutting device produces a
reci procating notion which causes the cutter to reciprocate or rotate; and
cuttingja nucl eus Ofadubgh Slivegediidshe blveing a6Vips aaagridugor rotating cutter _

an elongate shaft baving a proximal end, a distal end and a lomen defined
therein, wherein the distal end has an opening for receiving tissue;

a cutter posttioned within the elongate shaft, wherein the cutter is configured to
be reciprocated 1o cnt tissug;

a chamber coupled 1o the proximal end of the elongate shaft such that the
elongate shaft remains fixed relative to the chamber, the chamber baving a mechanism
positioned therein, wherein the mechanism s powered by suction created by a vacuum
source sach that the mechanism produces a reciprocating motion which causes the cutter

t0 reciprocate,

2. The device of claim 1, wherem the mechanism is powered solely by suction
created by the vacaum source.

3. The device of claim 1, wherein suction from the vacuam source draws tissue
into the opening

4. The device of claim 1, wheremn the cotter is configured to reciprocate past the
openiag m the elongate shaft to cot the tissue in the opening.

5. The device of claim 1, wherein the device is configured such that cuf tissue is
evacuated through an evacuation lumen in the elongate shaft by suction created by the
vacuum source.

6. The device of claim 1, wheretn the device is configured {o receive suction from

a single vacuum source which supplies suction for evacuation and for powering the

mechanism.
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47. The -nmethod of claim46, further conprising evacuating the cut disc or
nucl eus .using the suction created by the vacuum source. WO
2012/ 00338B8RCI/10SBE11/ 042686 48, The net hod of cl ai m 46, pPamarsedin/osiess cut t i ng
device is powered solely by suction created by the -vacuum source. 49. An
apparatus for scraping tissue in a subject conprising: an end
effector, wherein the end effector includes a scraping edge positioned on a
distal end of the end effector and one or nobre scraping wi ngs positioned at
an angle relative to the scraping edge such that the scraping edge and
3 cr almt ng W ngs NayrReeugeds ki OXhd8inges aBhRA: BRI PR e RIIeMng
i rections.
irrigant to the distal end of an evacuation lumen in the elongate shaft, wherein the irrigant

does not flow through the lumen unless suction from the vacuum source is present to draw

the urigant through the lumen.

8. The device of claim 1, wheren the chamber 1s in the form of an ergonomic
handle.
9, The device of claim 8, wherein the handle is positioned at an angle relative to

the elongate shaft thereby providing a clear line of site above andfor to the side of the

elongate shaft.

10, The device of claim 1, wherein the chamber and mechanism are positioned at
an angle relative to the elongate shatt, wherein the mechamism is connected to the cutter

and the mechanism reciprocates the cutter in a vectilinear motion,

i1 The device of claim I, wherein a tissue collection chamber is integrated m the

device such that removal of the chamber disables the device

12, The device of claim 1, wherem the distal end of the shatt includes 8 malleable

portion, wherein the cutter is reciprocated within the malleable portion.

i3, The device of claim 1, wherein the mechanism 1 powered by vacuum

avatlable in a physician’s office.

14, The device of claim 1, wherein the cutter is @ cutting blade and the cutting

blade is not exposed on an ouiside of the opening to provide safety to patients.

is. The device of claim I, wherein the vacuum powered mechanism reciprocates

at a rate of less than about 1200 cycles/min,
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The device of claim 1, wherem the speed of the cutter ranges from 250-2500

cyclesimin.

The device of claim 1, wherein the mechanism comprises a piston, wherein the
suction 1s applied to both sides of a piston 10 an aliernating manner o caase the piston to

reciprocate which causes the cutter to reciprocate.

The device of claim 17, wherein the mechanism comprises a first piston and a
second piston, wherein the first piston is coupled to the second piston by a bi-stable switch

which translates motion from the first piston 10 the second piston.

The device of claim 1, further compnsing an electrocautery wire postiioned at

the distal end of the elongate shaft.

The device of claim 1, further comprising a lumen in the elongate shaft for

detivering an anticoagulation therapy.

The device of claim I, wherein the device is fully disposable.

A vacuwm powered tissue cutting device comprising:

an elongate shaft having a proximal end, a distal end and a lumen defined
therein, wherein the distal end has an opening for recelving tissue;

a cutter positioned within the elongate shafl, wherein the cutter 1s configured to
be reciprocated past the opening in the elongate shaft to cut tissue in the opening;

a chamber conpled to the proxamal end of the elongate shafi, the chamber
having a cutter driver assembly positioned therein, wherein the cutter driver assembly is
powered by suction created by a vacuum source such that the cutter driver assembly

produces a reciprocating motion which causes the cutter {o reciprocate.

A method of cutting and removing tissue from a subject comprising:

i)
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advancing a cutting device next to a target tissue w the subject, the cutting
device having a an elongate shaft and a cutter positioned within the elongate shaft;

powering the coiting device using suction created by a vacuum source such
that the cutting device produces a reciprocating motion which causes the cutter to
reciprocate;

cutting tissue with the reciprocating cutter; and

evacuating the cut tissue using the suction created by the vacuum source.

24. The method of claim 23, further comprising drawing target tissue into an
opening in the elongate shaft using suction from the vacwmun source, wherein the cutter is

contfigured to be reciprocated past the opening in the elongate shaft to cut tissue n the

opening.

28, The method of claim 23, wherem the proxumal end of the elongate shaft is
coupled to a handle such that the elongate shafi remains fixed relative to the handle while

the cutter is being reciprocated

26. The method of claim 23, wherein the cotting device is powered solely by

suction created by the vacuum source.

|34
~3

The method of claim 23, wherein the cut tissue 18 evacuaated through an

gvacuation lumen in the elongate shaft by suction created by the vacuunt source.

28, The method of claim 23, wherein suction is received from a single vacuum

source which supplies suction for evacuation and for reciprocating the cutter.

29. The method of clatm 23, further comprising delivering wnigant to the distal end
of an evacuation lumen in the elongate shafi, wherein the frvigant does not flow through
the fumen unless suction from the vacuum source is present to draw the irrigant through

the lumen.
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The method of claim 23, wherein the cutting device comprises a handle
positioned at an angle relative to the elongate shaft thereby providing a clear line of site

above and/or to the side of the elongate shaft.

The method of claim 23, wherein a cutting device comprises a tissue collection

chamber and removal of the chamber disables the device

The method of claim 23, wherein the clongate shaft includes a malleable

portion and the cutter 15 reciprocated within the malleable portion.

The method of claim 23, wherein the cutting device is powered by vacuam

available in a physician’s office.

The method of claim 23, wherem the vacuum powered cutting device

comprises a mechanism that reciprocates at a rate of less than about 1200 rpm

The method of claim 23, wherein the speed of the cutter ranges from 250-2500

eycles/min).

The method of claim 23, wherein the vacuum powered cutting device
comprises @ piston, wherein the suction is applied to both sides of a piston in an
alternating manner to cause the piston to reciprocate which causes the cutter to

reciprocate.
The method of claun 36, wheremn the cutting device comprises a first piston
and a second piston, wherein the first piston is coupled to the second piston by a bi-stable

switch which translates motion from the first piston to the second piston.

The method of claim 23, farther comprising treating bleeding with an

electrocautery wire positioned at the distal end of the elongate shaft.
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39, The method of claim 23, further comprising delivering an anticoagulation

therapy 1o a tissue site via the elongate shaft.

40 The method of claim 23, wherem the cutting device 15 fully disposable.
41. The method of claim 23, wherein the tissue is a polvp.
42. The method of claim 23, wherem the tissue is intradiscal nucleus.
43, A method for performing a polypectomy comprising:
advancing a cutting device next to a polyp i a subject;
powering the cutting device using suction created by a vacowm source sach
that the cutting device produces a reciprocating motion which causes the cutter to
reciprocate or rotate; and
cutting the polvp with the reciprocating or rotating cutier.
44, The method of claum 43, further comprising evacuating the cut polyp using the

suction created by the vacoum source.

45, The method of claim 43, wherein the cutting device 18 powered solely by

saction created by the vacuum source.

46. A method for performing a discectomy comprising:
advancing a cutting device into a disc in a spme of a subject;
powering the cutting device using suction created by @ vacoum source sach
that the cutting device produces a reciprocating motion which causes the entter o
reciprocate or rotate; and

cutting a nucleas of the disc with the reciprocating or rotating cutter,

47. The method of claun 46, further comprising evacuating the cut disc or nucleus

using the suction created by the vacuum source.
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48. The method of claim 46, wherein the cutting device 15 powered solely by

suaction created by the vacuum source.

49, An apparatus for scraping tissue in a subject comprising:

an end effector, wherein the end effector includes a scraping edge positioned
on a distal end of the end effector and one or more scraping wings positioned at an angle
relative to the scraping edge such that the scraping edge and scraping wings may be used to

provide scraping motions in different directions.
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