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OEVICES ANI) l\lETI-IOOS FOR CUTTING ANO EVACUATING TISSUE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

(00011 The present application claims benefit of priority to U.S. Provisional Patent 

Application Serial No. 61 .. ...-360,429 filed June 30, 2010 and U.S. 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 INVENTION 

100021 The prt$ent devit:t$ and methods relate generally to medical de·vices and methods 

for cutting and/or evacuating tissue from var1ous regions of a patient's body. 

Bl\CKGROUND 

[00031 1\..fany common medical devices perform the function of resecting tissue. Suction, 

supplied by an extema! vacmnn source is often used to evacuate tissue from the operative site. 

(00041 Medical devices \vhich cut and evacuate tissue are used in a variety of procedures, 

including t~ar, nose, and throat surgery, gy11et:ological surgery, spinal surgery·, ophthalmic 

surgery, and many other applications. Depending on the procedure, the evacuated tissue may 

be collected for pat11ological analysi::L 

100051 When appHed to eac. nose, and throat surgery, tissue resecting devices are 

commonly referred to as microdebriders. 

10006) Tissue incision may he perf<xrned hy either a rotating cutter (m1idirectional or 

oscillating) or a reciprocating cutter. In tl1e case of a rotating cutter, an electric motor is 

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 po\vered 

acnmtion using pulsed or 'lalved compressed air. Each of these pmver sources has distinct 

disadvantages when used to povver a resecting medical device. 

100071 For example, '~'hen an electric motor is used to provide rotational motion of a 

cutter, the additional \-veight of the electric motor .may cause operator fatigue. \Vires from an 

external power supply are incotTvenient to make tht~ connections and it is inconvenient to have 

the "\\-'ires attached to the dev-ice during use. 
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[00081 An electric rnotor increases the total cost of a device because of the relativelv high 
.,J' ...... 

cost of the motor itself and tht~ cost of a power supply (in the case of an externally powered 

motor) or the cost of a recharging unit ( \vhen rechargeable batteries are used). The addit1on of 

electric motors makes sterilization of the device more diftlcult, e.g., because of the added 

mass to the device from the nwtors. Additionally, the presence ofhatteries reduces the 

sterilization options available to the manufacturer, due to the heat generated by certain 

steritizatlon techniques. The presence ofhaiteries adds potentially toxic chernicals that 

present additional challenges related to toxicity, sterilization,, and device disposaL 

10009] lVfedkal devices that indudt~ electric motors art~ often made to be re-usabk which 

requires a system for reprocessing the de'.'ice. \Vhen using a manually actuated cutting 

device, the operator may experience fbigue from repeated actuations. Additionally,. manual 

actuations can be peri{mned only as quickly as the operaior can actuate the clltter v.ia 

mechanical input through a control and the time required to perform an adequate number of 

actuations may be excessive_ 

[00101 Electrically-pmvered mkrodehriders typically require an expensive capital 

investment in a pO\\'er console that is separate from the handp1ect.~. The capita! cost of the 

pmver console, handpiece, and disposable blades makes procedures such as a nasal 

polypt.~ctomy and other procedures t:ost prohibitive in a doctor's clinic setting_ 

[00111 Existing microdebriders are typically built \Vith 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 and/or t.he camera. 

(0012) Existing microdebriders expose a cutting blade to the end of the device, This may 

be disadvantageous \vhen the operator loses sight of the end. oft.he device and accidentally 

cuts or damages structures that come into contact \Vith it 

(00131 As a result of these lin1itations, 1t 1s impractical ft)r Ear, NoS(\ and Throat 

physicians to remove nasal and sinus polyps or other tissue in an office or other setting using 

the current technology. Therefore, patients are left \vith the undesirable options of a course of 

steroid treatments to reduce the size of the pol)''PS (\vith associated steroid side effects), 

removal of the polyps in an ambulatory surgery center (cost prohibitive and therefore rarely 

performed as a stand-alone procedme), or leaving the polyps untreated and dealing \vit:h the 

associated breathing obstruction. 

2 



wo 2012/003383 PCT/US2011/042686 

BRIEF SUf'vHV1AR.Y 

(00141 Var1ous medical devil:es and mt.~thods for cutting and.,..·or evacuating tissue from 

vaxi ous regions of a patient's body are provided herein 

(00151 V'arious cutting device driven by various po\ver sources are described herein. ln 

certain variations, a vacuum pmvered tissue cutting device is provided. The device llli.l)l 

include an elongate shaft having a proximal end, a distal end and a lumen defined therein. 

The distaJ end xnay include an opening for receiving tissue. A cutter tnay he positioned ,.vithin 

the elongate shaft, ,:•,rherein the cutter is configured to be actuated to cut tissue. A charnber 

may be coupled to the proximal end of the elongate shaft. For example, the chamber may be 

coupled to the elongate shaft such that the elongate shaft remains fixed relative to the 

chamlx~r. The chamber ma::/ have a mechanism positioned therein, wherein the mechanism 

can he powered by suction created by a vacuum source such that the mechanism produces an 

actuating motion \Vhich causes the cutter to actuate, e.g., to reciprocate. In certain variations, 

a cutter positioned wit.hin the elongate shaH may be reciprocated past the opening in the 

elongate shaft to cut tissue in the opening. 

[00161 In ct~rtain 'i>ariations, a method of cutting and.lor removing tissue frorn a subject 

may include advancing a cutting device next to, near or to a target tissue in the subject The 

cutting dev1ce may havt~ an elongate shaft and a cutter positioned \Vithin tht~ elongate shaft. 

The cutting device tnay be powered using suction created by a vacuurn source such that the 

cutting device produces an actuating motion, \Vhich causes the cutter to actuate, e.g,, 

reciprocate, to cut tissue. The cut tissue tnay be evacuated using the suction created by the 

vacuum source or may be otherwise removed. In cenain variations, the method of cutting 

and ...... or remo\,.ing tissue may be utilized to perform a polypectomy or a discectmny. 

[00171 In certain variations, an apparatus for cutting or scraping tissue in a subject may he 

prov1ded_ The apparatus may include an end effector, \vherein the end ef1ector includt$ a 

scraping edge positioned on a distal end of the end effector. One or more scraping \vings may 

bt~ positioned at an angle relative to the scraping edge such that the scraping edge and 

scraping wings 1nay be used to provide scraping motions in different directions. 

[00181 h1 certain variations, devices, s:y·stems and methods for excising, cutting and.ior 

evacuating tissue are fJrovide(.t A variation of a devlc.e rna,,.. inc! nde a cutter and a double 
~ ~ 

action vacuum pm:vered mechanism or motor in which vacuum is used to actively reciprocate 
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a piston connected to the cutter. The vacuum pmvered motor may include a vacuurn port 

connected w a vanrum soun.:e, a shuttk~ piston, a drive piston coupled to thl~ shuttle piston, 

and a chamber for receiving the drive piston,. the chamber having proxi1nal and distal sides. 

The drive piston may be set into reciprocating motion through the creation of ditTerentia! 

pressure on either side of the piston by alternating evacuation, through the vacuum port, 

\"~lithin the two sides of the piston chan1ber. The motion of the drive piston may effect 

t-ranslation of the shuttle piston, causing the shuttle piston to alternate bet\.>..teen positions of 

opening and dosing the vacuum port to the proximal and d1sta! sides of the piston cha.mber to 

altt~mate t.~vacnation of ead1 side of the chamber. The actuating motion, e.g., reciprocating 

motion, of the drive piston may be used to reciprocate or rotate the cutter_ 

[00191 In certain variations, a cutting or scraping component may be positioned or located 

at or near a d1stal end of a dgid or flexible end effector \.vhich may be utilized to excise, 

scrape or cut tissue. The end etTector may be curved or straight. The end efiector may 

include a shatl, a reciprocating cutter and/or a scraping edge positioned on the shaft or on the 

reciprocating cutter. 

[00201 In ct.~rtain variations, a cutter may bt.~ positioned at or near the distal end of a 

malleable shaft that may· be shaped by tlw operator to a curvature suitable to access the 

dt$irt.~d anatomical location. 

BRIEF DESCRIPTION OF THE SEVERAL \li£V{S OF THE ORA WINGS 

[00211 Fig. 1 A illustrates a side view' of a variation of a cutting device. 

100221 Fig. 1 B illustrates a side vie\v of the cutting de\··ice of Fig. lA v.:·ith the right hand 

portion of the chamber hidden. 

10023) Fig .. 1 C illustrates a side view of the cutting de·vke of Fig. 1 B \Yith the rigid sleeve 

and elongate shaft hidden to show the evacuation shaft. 

100241 Fig. 1 D illustrates a side vie\">' of the cutting device of Fig. I B \Vith the manifold of 

the vacuum pO\\-'ered mechanism hidden. 

(0025) Fig. 1 E illustrates a side view of the cutting devk:e of Fig. I B with the collection 

chamber hidden to show a filter. 
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[00261 Fig. 1 F illustrates a magnified viev..-· the elongate shaft of the cutting device of Fig. 

lB having multiple lumens . 

(00271 

(00281 

10029) 

[00301 

(Oll3l I 
Fig. 2A. 

[00321 

[00331 

(0034} 

Fig. 1 G illustrates a magnified view of the cutter of the cutting device of Fig. 1 B. 

Figure lH illustrates a vacuum source coupled to a variation of the cutting device. 

Fig. 2A illustrates a side vie\\' of a variation of a \iacumn prm..-ered mechanisrn. 

Fig. 2B iUustrates a cross sectional vie\v of the vacuum pmvered mechanism of 

Fig. 2C illustrates an opposite side vie\'~/ of the vacuum pow·ered mechanism of 

Fig. 20 iHustrates a front viev;,' of the ·vacuum po1-vered mechanism of Fig. 2A. 

Fig. 2E illustrates a rear view' of the vacuum powered mechanism ofFig. 

Figs. 2F-2G illustrate side and prospective cross sectional views of the vacuum 

pow·ered mechanism of Fig. 2A in a first position. 

100351 Figs. 2H-21 illustrate side and prospective cross sectional vie\vs of the vacuum 

pmvered mechanism of Fig. 2A in a second position. 

[00361 Fig. 3A illustrates a cross sectional view of a variation of a double action vacmun 

pmvered mechanisrn having a hi-stable switch in a proximal position. 

10037) Fig. 3 B iUuslra.tes a cross seuiona l vie-...,..- of the double action vacuun1po\vered 

mechanism having a bi-stable S\vitch ofF ill. 3/\ in a distal1.· )OSition. 
~ ~ k 

[00381 Fig. 4A illustrates the cross sectional vie\V of a variation of a double action 

vacuurn pcn.vered mechanisn1 in a proximal position. 

(0039) Fig. 4B illustrates a cross sectional vie\\-' of the double action vacuum powered 

mechanism ofFig. 4A in a distal position. 

[00401 Fig. 5A iltustrates a cross sectional vie\.v of a variation of a single action vacuum 

powt.~rt.~d mechanism using a spring return system in a proximal position. 

(00411 Fig. 5B illustrates a cross sectional vievl of a single action vacuum pmvered 

mechanisms of Fig. 5A in a distal position. 

10042) 

[00431 

[00441 

Fig. 6 illustrates a side view of a variation of an end efTectnr. 

Fig. 7 illustrates a side view of a variation of an end effector. 

FiQ:. 8 illustrates a Hmv chart of a variation of a method for cutting and removinu ..... .(.,... .(.,..• 

tissue using a vacuum ptw.rered cutting device. 

5 
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[00451 Fig. 9 illustrates a tlmv chart of a variation of a n1ethod for perfrmning a 

polypectomy using a vacuum powen.~d cutt1ng devi{.:e. 

(00461 Fig. 1 0 illustrates a t1ow chart of a variation of a method ft)r performing a 

discectomy using a vacuum pcnvered cutting device. 

DETAILED DESCRIPTION 

100471 Variations of the devices are best understood from the detailed description when 

read in conjunction v-lith the accompanying drawings. It is emphasized that, according to 

common practke, the various ft.~atures of the dnn.vings may not he to-scale. On the contrary, 

the dimensions of the ·various features may be arbitrarily expanded or reduced tor clarity. The 

drawings are taken for illustrative purposes only and are not intended to define or liinit the 

scope of the claims to that \.vhich is sho<.\'11. 

[00481 Various cutting devices and n1ethods tor cutting, resecting, incising or excising 

tissue are described herein. ln certain variations a cutting device may include a rnechanistn or 

n1otor driven or powered by a variety of different pmver sources, e. g., suction from a vacuum 

source, pneumatic, t1uid prt$Sure (e.g. hydraulic}, compressed air, battery pm.ver or electri{.:a.l 

power or gas power or any combination thereof The mechanism or motor may create a 

reciprocating or rotational motion output in any direction \Vhich causes a cutter on or in the 

cutting device to actuate, e,g., reciprocate or rotate, to cut tissue. The cutting device may be 

utilized to cut, resect, incise or excise various types of tissue located in various regions of a 

patient's body. For exa1nple, the cutting device may be utilized to perform a polypectomy in 

a patient tor removal of one or more polyps. 

100491 ln certain var1ations, a cutting device po\.vered by suction from a vacuurn source 

(either external or internal) is provided. The cutting device may include an elongate shaft 

The elongate shaft may havt.~ a proximal end, a distal end and one or more lumens positioned 

within or along the elongate shaft. The distal end of the elongate shaft may include an 

opening or \Vindo\:v for receiving tissue. The devk:t.~ may include a (:utter for cutling tissue. A 

cutter may be positioned within or on the elongate shaft. The cutter rnay be actuated, 

reciprocated, e.g., axially along the longitudinal axis of the elongate shaft, or rotated to cut 

tissue. A chamber may be coupled to the proximal end of the elongate shatl. The elongate 
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shaft may be coupled to the chamber such that that the elongate shaft or a cannula remains 

fixed or immo\.tabk~ relati•.te to the chamber, e,g., \vhile the cutwr, on or in the elongate shaH 

or cannula, is being reciprocated or othef\'-'ise motivated or during actuation, reciprocation or 

rotation of the cutter. 

10050) A 1nechanism or motor xnay he positioned \.vithin the chatnber. The Jnechanism 

may be pmvered by suction created by a vacuum source, \Vhich causes the mechanism to 

produce a reciprocating rnotion. In certain variations, the rnecbanisn1 may be pc!\vered solely· 

by· suction created by the vacuum source, e.g.,, \vithout the use of electricity or pressurized air 

or tlnid to pO\ver the mechanisn1. Additional connections for electrical or 

pneumatic,..'hydraulk power may not be required. ·-n1e mechanism may include a piston \Vhich 

is put into reciprocating or reciprocating linear motion by suction trorn the vac.:uum source. 

The reciprocating nwtion output produced by the mechanism causes the cutter (connected to 

the mechanism) to actuate, e.g., to reciprocate or to rotate. In c.:ertain variations, the cutter 

may be reciprocated back and l{n'th in a linear n1otion, e.g., axially, or along lhe longitudinal. 

axis of the elongate shaft h1 other variations, linear reciprocating motion t}om the 

mechanism may be translated into rotational motion of the cutter. The cutting device may 

indude a poti or valve i~x connecting the vacuum source to the cutting device to provide 

suction to the cutting device. 

[00511 The suction from a vacuum source may dravv tissue into the opening in the 

elongate shaft The cutter may be reciprocated or rotated past the opening in the elongate 

shatl, thereby cutting the tissue \.Vhich is dnnvn into the opening of the elongate shaft.. The 

cutting device may include an evacuation lumen for evacuating cut tissue using suction 

created by the vacmun source. In certain variations, the tissue Jnay be otherwise ren10ved 

without using evacuation to remo·ve the tissue. 

(00521 In ct~rtain variations, a lumen f{x dt~livering itTigant or t1uid may· be pnrvidt~d. For 

example, the elongate shaft may include a lumen for delivering irrigant to the distal end of an 

evacuation lumen in tht~ elongate shaft or to an opening of the dongate shaft or to a cutter. 

The irrigant 1nav t1ow constantlv through the lumen. or it mav Hrn:v through the lmnen onlv ....._. ,.• ... ...... ' ... ...... ... 

\'vhen suction from the vacuum source is present to dra\v the irrigant through the irrigant 

lmnen. The cutting device may include a reservoir filled \.\ ... ith \Vater or other irrigant 

positioned \Vith the cutting device or the irrigant may be provided tl-om an external supply. 
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For example, a syringe t1!led wifh irrigant, e.g., \:Vater, may be connected to the cutting device 

or an ek~'>ated t:ontainer or bag may supply irrigant to tlR~ cutting devit:e or to the sit-e of 

treatment. The irrigant may begin to flo'"' through the cutting device \vhen suction is present 

in a lumen \\'tthin the elongate shaft, at an irrigant pon, •vhich may be located \vi thin the shaft 

lumen near the opening of the elongate sha.tl:. 'l11e irrigant Tnay be drm:vn to the distal end of 

an evacuation lumen in the elongate shaft or to the opening of the elongate shaft, where it 

lubricates tissue and a lumen w·ithin the shafi., e.g., a tissue e\iacuation hnnen, to facilitate 

evacuation of the cut tissue. 

10053] Tht~ cutting devkc rnay include a handle, sut:h that the cutting device ma~/ bt~ 

handheld. For example, the chamber of the cutting device may be in the form of a handle. 

The handle ma~l be positioned or set at an angle relative to the elongate shaft. This 

arrangement of the handle or chamber relative to the elongate shall n1ay-' provide a dear 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 dudng a tissue cutting procedure, e.g. an endoscope and associated cables. This 

angled arrangement may also provide optimal user cotnfort The handle n1ay have an 

ergonomic design to provide comfort and ease of use. A curved or angled neck portion may 

extend from the d1amber or handle, for receiving or holding the elongate shaft. 

[00541 A tissue collection chamber may be provided. For example, a tissue collection 

chamber ma3r be integrated in the chamber or handle of the cutting device or may be 

other\.vise com1ected or attached t<J the cutting device. The tissue collection chamber rnay be 

rt~movable from the cutting device. The removable tissue collection chamber may allow 

tissue collected therein to be b1opsied, studied or a diagnosis of patholog.'l nmy be performed 

on the collected tissue. Rernoval of the tissue collection chamber and/or H!ter may result in 

the dcvict.~ being disabled, e.g., \)..'here the tissue collet:t.ion chamber rnay not be reasst~mbled 

to the device. This may prevent the device from being reused or used on more than one 

patient to minimize or prt~vent the associated risks of transmitting pathogens from one patient 

to another or infecting another patient. For exmnple, the device ma)i be disabled ,.v·here the 

internal vacuum lines are sheered \\-"hen the tissue collection charnber is removed from the 

handle. As a result, the tissue collection chamber cannot be reassembled to the device thereby 

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

\} 
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[00551 In other variations, a tissue collection chamber n1ay he reusable,. \vhere the tissue 

collection chamber may be removed, sterilized and then reassembled or rcattad1ed to the 

cutting device for continued use, 

(00561 V'arious configurations of the elongate shaft are conternplated. In certain 

variations, at least a portion of the elongate shaft or the entire elongate shaft rnay be mal !eable 

or othenvise adjustable. For example, the distal end of the elongate shaft or the section of the 

elongate shatl v,..-here tissue cutting is perforrned may be malleable or flexible such that 

portion of the elongate shaft. may be adjusted or manipulated by t11e user, e.g., hand 

adjustable, The malleable portion ofth'-~ elongate shaft may be manipulated into a variety of 

shapes or curves such that the cutting device, e.g., the cutter or cutter opening,. may access or 

be pnsitioned in a variety·' of anatomical locations to cut and.ior remove tissue. The malleable 

portion of the elongate shaft n1ay be adjusted or n1anipulated before or during operation by the 

user into various positions or configurations, ranging from, straight to angled or curved. The 

shaft may be numual.!y, automatically or robotically adjusted. The shaft rnay be adjusted 

\Vithout the need for additional tools or attachments to change or affect the shape or position 

ofth(~ shaft, such that the positioning for cutting and cutting may be performed using a single 

device. In other variations, a tool or attachment may optionally be utilized to ac~just or 

manipulate an elongate shafl f()r n1tting. 

[00571 A cutter may· have v·arious shapes and configuration, e.g,, the cutter may be in the 

form of a cutting blade or pipe or tube positioned \Vithin the elongate shaft A cutter may be 

positioned in the cutting device such that the cutter can reciprocate past an opening or cutting 

windoV·/ in the elongate shaft ln certain \rariations, the t'Utter may be positioned within or on 

the elongate shaft such that the cutting blade is not exposed on an outside of t11e opening or 

\vindm.:.v in the elongate shaft or beyond the distal tip of the elongate shaft. This arrangement 

may provid'-~ safety to patients and minimize or pr(~vent th'-~ risk of inadvertently cutting or 

puncturing tissue in a patient during the tissue cutting procedure or during advancement of the 

cutting (k~vice to tht~ targd site in a patient for treatment. In certain 'lariations, the anvil may 

protect a cutter such that it is not exposed, thereby· providing safety to patients. 

[00581 A sufficient vacuum source for operating nr po\vering any of the cutting devices 

described herein 1nay be the vacumn source provided in most standard operating roon1s, 

physician's offices, '-.:linics or outpatient surgery centers. For example, many physicians'' 
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offices have vacuum pumps capable of generating vacuwn in the ranges of l 0 to 25 inches of 

men:.:ury (in HG), e.g., about 22 inches of mercury (in Hg) a.nd,.ior at about 28 to about 40 

liters per minute (LPl\:1) t1mv rate. The various cutting devices described herein may utilize 

vacuum sources or vacuum pumps operating in the above perfonnance ranges to effectively' 

operate and cut tissue \Vithout additional power inputs or supply requirernents needed. For 

example, suction provided by such vacuum sources may move, actuate, reciprocate or 

othenvise operate the mechanisn1 of a cutting device and..ior the cutter at a speed or rate 

nmging from about 250 to about 2500 cydes.imin or about 500 to 1200 cycles per minute or 

less than about 1200 cycles per minut(~. These rates are slo\ver than the rates that \vould be 

provided hy a typical electrically powered motor, yet provide the control and pmver to 

effectively and safely operate and reciprocate the cutter of the cutting devices described 

herein to cut, resect, and/or excise tissue in various regions in a patient, e.g., to cut and 

rt~move pol)"PS positioned in the nasal or sinus cavit)' of a patient in a safe, controlled and 

etTec.tive rnarmer. 

[00591 h1 certain variations,. a cutting device may he connected solely to a vacuum source, 

and optionallJ-t, to an irrigant source. The vacumn source may be connected to the cutting 

device such that suction supplied by tlle ·vacuum source drives or powers the rnechanism of 

the cutting 'kvice, draws tissue into the opening in the dongat'-~ shaft or othenvise into the 

path of a cutter, dra,vs irrigant from a reservoir or other source through the cutting device or 

through a lumen in or on the cutting device, or to the cutting device and/or e·vacuates cut 

tissue f{)r removal fron1 a patient. 

(0060) Various vacuum pm.vered mechanism for use in the various cutting de·vices 

described herein, to drive or actuate a cuiter, a.re also described herein. In certain variations, a 

vacuum po\vered or vacuu1n driven 1nechanism may include one or more pistons, ·wherein 

suction is applied to both sides of the piston in an alternating nmnner to cause th'-~ piston to 

reciprocate, The piston is coupled or connected (directly or indirectly) to the cutter, thereby 

causing the cutter to rt~ciprocate. In another variation, suction may be applied to one side of 

the piston and a spring force in a vacuurn prnvered rnecbanisrn may be applied to the other 

side of the piston, to cause the piston to reciprocate, The reciprocating piston causes the 

cutter to reciprocate. 

lO 
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[00611 In certain variations, a hand-held, fully disposable po\vered medica! device 

capable of rest.~cting tissue in tht.~ human body is provid~;.~d. The d~;.~vice is pm-vered by an 

internal mechanism that is powered by suction tl·om an external vacu1ur1 source. The 

mechanism produces reciprocating motion that may be used to move a cutter back-and-f01th 

past an opening in a shaft. A portion of the suction hom the external vacuum source is routed 

through the shaft and draws tissue into the \vindmv \Vhere it is excised by the cutter. The 

tissue is then evacuated through the shaH and into a tissue collection clmmber on the handle of 

the device. 'The suction in the shaft also dra\\'S irrigant into the lumen of the shaft:, \vhere it 

lubricaws the tissue and shaft lumen to facilitate evacu.ation of the tissue. 

[00621 In certain variations,. the cutting devices or mechanisms described herein ma:y be 

pmvered by a vacuum source \:Vhere the devices have an effkient use of supplied vacuum 

suction to the device, e.g., \vith n<Jne of the supplied suction going unused. In certain 

variations, a cutting device may be po\vered by constant delivery of vacuum or suction. In 

certain v'ariations, a cutting device may be t.nanufactured of all or substantially all mechanical. 

components reducing costs for manufacturing, 

[00fi31 In ct~rtain 'i>ariations, a cutter may bt.~ positioned at or near the distal end of a 

.tlexible shaft that has a preformed or predetermined curvature, The shatt rnay he adapted for 

inst.~rtion into a cannula '~'here the distal end of the shaft may advance from the cannula 

to\-vard a target site and where the shaft aHm.vs its predetern1ined curvature to position the 

distal end of the shaft near the t<:uget site. 

10064) 

[00651 

Exemplary Cutting Devices 

Figure l A shmvs one variation of a vacuum pO\vered cutting device. Referring to 

Figures 1 B-1 E, tht~ cutting devke 10 includes an elongate shaft 12. The elongatt~ shaft 12 

may include a rigid sleeve 14 that provides rigidity to the elongate shaft The elongate shaft 

may indnde a windo\v or <.:utting window or opening 16 positioned at or near a distal end of 

the elongate shaft. An evacuation shaft 17 n1ay be positioned \Vithin the elongate shaft 12. A 

cutter 18 may be positioned \vithin the elongate shaft 12 such that it may be reciprocated past 

the opening 16. In this particular variation, the cutter l8 is forrned at the distal end of the 

ll 
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evacuation shaft l7, hut other types of cutters are contem.plated, e. g., the cutter l8 rnay extend 

Jh.)m a \vire or bla<.te positioned in the elongate shaft 12. 

(00661 One or more lumens may he pos1tioned •vithin the elongate shatl: 12 (See Fig. 1 F). 

Elongate shaft 12 may include an irrigant lumen. An irrigant line (not shO\vn) may connect to 

the proximal end 13 of the elongate shaft 12, to supply· irrigant fron1 an internal or external 

reservoir or irrigant source, through an irrigant lumen in the elongate shaft 12, to the distal 

end of an evacuation lumen in the elongate shatl or to the OtJening 16 of the elonw1te shaft 12. 
~ l ~ ~ 

For example, the in·igant rnay he drm.vn to the opening !6 ofthe elongate shaft 12, ·where it 

lubricaws tissue and tht~ eva,:uation lumen, to fa,:ilitate evacuation of the cut tisstK~. 

Optionally, the elongate shaft l2 may include a malleable portion, tor exarnple at its distal 

end, which can be manipulated or adjusted to provide various shapes and configurations to the 

dongate shatl 12 to position a cutter in various regions ofthe body. Optionally·, one or more 

wires 15 ma.y positioned in the elongate shaft 12, \·vhich m.ay serve to hold the malleable 

portion of the shaJl in a desired position. A rigid sleeve 14 may be placed over other portions 

of the elongate shaft l2 to provide rigidity. 

[00fi71 The elongate shaft 12 rnay extend from a chamber 20. The chamber 20 may 

provide a handle or grip for a user. The chamber 20 may include a tissue collection charnber 

22. The "~'.>acnation shaft. 17 may extend into the chamber 20, such that one or more lurnens 

of the evacuation shatt 17 empties into the tissue collection charnber 22 either directly or 

indirectly, e.g., via a11other tube or pipe (not sho\vn), connecting the evacuation shaft 12 to a 

first vacuum chamber port 2"1. The tissue collection chamber 22 may include a f11ter 25lhr 

filtering tissue collected therein. The tissue collection chmnber 22 may be integrated into the 

chaxnber 20 such that removal of the tissue collection chamber 22 disables the cutting device 

10. In certain variations, the elongate shaft 12 m.ay be coupled or connected to the chamber 

20 such that tht~ elongate shaft 12 remains fixed relative to th~ chambt~r 20. For exampk\ the 

elongate shatl: 12 may be fixed such that 1t is not motivated or reciprocated by the mechanism 

30 or motor dt~scribt~d below. 

10068) A vacumn powered mechanisrn 30 is positioned \.vit.hin the duunber 20. Figures 

2A-21 shmv various views of the vacuum pm\-'ered mechanism 30. ·rhe mechanisrn 30 

includes a shuttle piston 32 and a drive piston 34. The pistons may be arranged in various 

configuration, e.g., in parallel to one another. A bi-stable s\vitch 36 may be connected to the 
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shuttle piston 32 and the drive piston 34. The bi-stable svvitch 36 having a S\vitch spring 37 

may be comlet:ted to the drive piston 34 and the shuttle piston 32 either dinx:tly or via a piston 

damp 35 connected to the switch spring 37 or bi-stable S\vitch 36. Actuation of the hi-stable 

switch 36 by the drive piston 34, w·hich is motivated or reciprocated by suction created by the 

vacuum source, may reverse or nmve the shuttle piston 32 in either the proximal or distal 

directions (i.e., toward the distal end of the cutting device or tmvard the proximal end of the 

cutting de'-/ice.) When the shuttle piston 32 1noves frmn one end of its' travel extren1ity to the 

opposite end of its' travel extremity, the evacuated side of a drive p1ston cha.11lber 42 is vented 

to allow atmospheric air to t1mv into the drivt.~ piston t:hamber 42 \Vhilc the opposite side of 

the drive piston chamber 42 is shut off fron1 atmospheric air and evacuated. As a result, the 

drive piston 34 is motivated to move in the opposite direction until the bi-stable s\vitch 36 is 

actuated and the shuttle piston 32 reverses. The shutHe piston 32 and the drive piston 34 are 

positioned in a manifold 38. The manifold 38 includes a drive piston chamber 44 and a 

shuttle piston chamber 42. The hi-stable S\-vitch 36 may ensure a reliable transition of the 

shuttle piston 32 or valve on the shuttle piston past or completely past a shuttle chamber 

vacuum supply port 47 to prevent unstable flutter ofthe shuttle piston 32 and possible 

mechanism 30 or motor stalL 

10069) As shm.vn in the various noss sectional ·views of Figure 2B and Figures 2F-21, at 

least a portion of the drive piston 34 is positioned in the drive piston chamber 44 and at least a 

portion of the shuttle piston 32 is positioned in shuttle piston chamber 42. The drive piston 

chamber 44 and the shuttle piston chamber 42 are in tluid c-ommuni-cation \-Vith each other via 

first and second vacuum slots 45 and 46. 

10070) A shuttle chmnber vacumn supply port 47 is provided tn connect a vacuum source, 

via a tube or line (not shown), to the mechanism 30 to provide suction to the 111echanism 30. 

Figure lH shov•...-s a vacuum source coupled to a variation of the n.ltting dt~vice to. The tube or 

line rnay he connected to a second vacuum chamber port 28 (shm:vn in Figures lB-1 D) and.:·'or 

the shuttk~ chambt~r vacuum supply port 47. The shuttle chamber 'Vactnnn supply port 47 

provides entry into the shuttle piston chamber 42, such that the vacuum souxce can be in Huid 

communication with the shuttle piston chamber 42 and evacuate the shuttle piston chamber 42 

and/or the drive piston chmnber 44, to pm-ver and Tnotivate the ddve piston 34 <mdfor the 
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shuttle piston 32, as described in further detail herein. Details of a vacuum pmvered 

me\.:hanism are also provided bekn..v \Vith reference to Figures 3A-3B. 

(007.11 The mechanism 30 may be activated and the drive p1ston 34 reciprocated by 

suction tl·om the vacuum source as soon as the vacuum source is connected to the cutting 

device 10 and the vacuum source is acti vaied. Referring back to Figs_ li\-l E. the cutting 
.(.,... ...... ' ....... 

device 10 may a! so include a trigger 26 positioned on the charnber 20 in a location such that 

the trigger 26 can be convenientlv or ergonomicall\-' actuated hv a user's finger as the user 
-- ~ ~ v ~ -

holds the cutting device l 0. When the trigger 26 is in the "on" position,. the trigger 26 is 

dis(~ngag"~d tl-om the shuttle piston 32, allowing the shuttle piston 32 to f(~ciprocatt~ due to 

motivation of the hi-stable switch 36 \vhich is in turn motivated by the movement of the drive 

piston 34. When the trigger 26 is actuated into an "off" position, the trigger 26 may interact 

with or engage the shuttle piston 32, \Vhich causes the shuttle piston 32 and drive piston 34 to 

stall or stop such that the cutter 18 is stopped in a position proximal to the opening 16 thereby 

leaving the ope11ing .16 open. This allmvs the device 10 to be used for suction or evacuation 

through opening I 6, even \vhen the mechanism 30 and cutter 18 are not activated, as the 

vacuum source ma).t remain ach'i.>ated and connected to the cutting (.k~vice 10, supplying 

suction through a lumen of the evacuation shaft 17. In certain variations, suction may not be 

suppli"~d through the lumen of the (~vacrmtion shaft. during cutting. 

[00721 The vacuum source ma_•,r be connected to the cutting device I 0 at the external 

vacuum port 29. The extema! vacuum port 29 is in Uuid communication w-ith the tissue 

coHecbon chamber 22 and the .first vacuum. chamber port 21, supplying suction to the lumen 

of the evacuation shaft The external vacuum port 29 is in t1uid communication \Vith the 

second vacuum chamber port 28, supplying suction through the shuttle charnber vacuum 

supply port 47 to the shuttle piston chmnber 42 and the drive piston chamber 44, to motivate, 

reciprocate and.ior povvt~r drive piston 34, ,.vhich motivaws or reciprocates th(~ bi-stable S\Vitd1 

36 and cutter 18, \'vhich is connected to the vacuum powered mechanism 30 either directly or 

indirectly. 

10073) rn use, the elongate shaft 12 of the cutting device l 0 rnay he inserted into the 

desired location or area in a patient 'J'he ''acuum source is connected to the cutting device 10, 

supplying suction to the mechanism 30, causing the drive piston 34 to reciprocate. The drive 

piston 34 causes one side of the bi-stable S\Vitch 36 to move either proximally or distall:y 
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which increases the tension on the extension spring 37. The increased tension on the 

exwnsion spring 37 caust$ the adjacent side of the bi-stable switch 36 and the shuttle piston to 

move proximally or distally to decrease the length of the extension spring 3 7. Vlhen the seal 

on the shuttle piston or shuttle piston 32 1.11oves past the suction po11 47, the vacuum or 

suction in the shuttle chmnber 42 reverses io the opposite side ofthe drive piston 34 \Vhile 

atmospheric air is a!lov~. .. ed to flo'-v into the side of the shuttle chamber 42 that is not 

evacuated, thereby motiv·ating the drive piston 34 to 1nove tmvard the evacuated. side. (/\s 

sho\votl for example in Fig. 2B). The evacuation shaft 17 is connected to the drive piston 34. 

The t~'vacuation shaft 17 may be connected dirt~ctly to tht~ drive piston 34 or the evan.tation 

shaft 17 may he connected to sleeves, tubes or other shafts that are connected to the drive 

piston 34. For example, the piston clamp 35 may connect the evacuation shaft 17 to the drive 

piston 34. 

(0074) As stated supra, the cutter ! 8 is fonned at the distal tip of the evacuation shaft ! 7. 

Once the vacuum source is connected to the cutting device 10 and the trigger 26 is positioned 

in the '"on'' position such that it is disengaged fi·om the shuttle piston 32, suction applied to the 

mechanism 30 causes the drive pistcm 34 (and consequently the shuttle piston 32 as described 

above) to reciprocate, \vhich causes the evacuation shaft l7 and the cutter 18 to reciprocate, 

dri·ving the cutter 18 back and n_)rth, e.g., in a linear or axial motion along the longitudinal 

axis of the elongate shatt past the opening 16 in the elongate shaft 12. A dose up of a 

variation of a cutting '<-Vindo\v is shO\vn in Fig, I G. At the same time, suction may be supplied 

from the vacuum source through a lumen of the evacuation shaft 17, to draw tissue into the 

opening 16, \:Y'here the tissue is then cut by tl1e reciprocating cutter 18. OptionaUy, the suction 

in the e'-/acuation tmnen, may also evacuate ihe cut tissue and deliver it to the tissue collection 

chamber 22. 

(00751 Whik~ the reciprocating motion oftht~ drive piston 34 of th~ me,:ha.nism 30 is 

translated to the cutter 18 via the evacuation shaft 17 in the variation described above, other 

compont~nts for translating sud1 reciprocating motion art~ also conten1plated. For example a 

cutter may extend tiom a vi-'ire or blade or any other extension or member \vhich is connected 

to the mechanism 30, e.g., via the drive piston 34 or piston claim 35. In certain variations, the 

cutter 18 rnav be directlv or indirectlv connected to the tnechanism 30 or the drive tJiston 34 .... ~ .... t 

or the shuttle piston 32 or the bi-stable S\Vitch 36. 
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[00761 In certain variations, a loop or extension may be provided in the evacuation shatl 

17 or in a tube or pipe t:onnet:ting tht.~ evacuation shaft 17 to the first vacuum chamber port 21, 

providing extra length that may move or change shape such that at !east a portion of the 

evacuation shaft 17 or tube or pipe that is connected to the first vacuum chamber port 21 does 

not nH.we or reciprocate or become dislodged when the evacuation shaft 17 is being 

reciprocated or JUotivated by the mechanism 30. 

[00771 In cert.ain variations, a 1nethod of cutting and ren1oving tissue fro1n a subject may 

include advancing a cutting device at, next to. in or near a target tissue in the subiect. The 
'I.,.• ......_. • ' ...... ~ 

cutting dt~vice may include an elongaw shaft and a cutter positioned \vithin or on the elongate 

shaft The elongate shaft may be advanced into the subject to access the target tissue and to 

position the cutter at, next to, in or near the target tissue to cut and/or remove the tissue. The 

cutting device includes a mechanism or m.otor which 1s po,.vered or driven by suction created 

by a vacuum source. The suction from the vacuum source povvers the mechanism causing it 

w produce a reciprocating or rotating motion which causes the cutter to reciprocate or rotate 

to cut tissue. The tissue may optionally be evacuated using suction created by the vacuum 

source. The cnt tissue may optionall)r be gatht~red or collected •;vith the cutting device. In 

certain variations, suction or vacuum may be turned off or not supplied to the opening and the 

tissue may bt~ othen.vist~ removed. [n certain variations, the suction from the vacuum source 

may· dra\\/ tissue into an opening on the elongate shaft. The cutter may be reciprocated or 

rotated past the opening to cut the tissue drav-..'n into the opening on the elongate shaft. In 

certain variati011s suction fn.nn the vacuum source may draw an irrigant to the distal end of an 

evacuation lumen in the elongate shaft or to the opt~ning of the elongate shaft, \Vhere it 

lubricates tissue and/or the evacuation lumen, to D1cihtate e'>'acuation ofthe cut tissue. In 

certain variations. the cutting device may include a chamber in \vhich the 111echan1sm is 
~ ~· . 

positioned. Tht~ elongate shaft may be attached to the chamber such that it remains in a fixed 

position relative to the chamber wh1 !e the mechanism is producing a reciprocating motion and 

rt~ciprocating a cutter shaft or evacuation shaft positioned 'vithin the elongate shaft. 

10078) In certain variations, a method ofcuttitH!, resecting or excising tissue in a I"3atient 
...._.. .(.,.. ol.,.. 

may include attaching the cutting device to a vacuum source (internal or external) and 

optionally to a source of 1rrigant. The vacumn source supplies suction that may power or 

motivate the me<.:hanism or motor of the cutting device, dra\V tissue into the path of a cutter or 
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cutting blade, dra\v irrigant from an irrigant source to the site of cutting or excision or near the 

cutter, and.ior C\lm.:uate cut tissue from the patient 

(00791 ln cenain variations, a method for performing a polypectomy in a subject may 

include advancing a cutting device at, to, next to, in or near a target polyp, Polyps may be 

located in var1ous reg1ons of a patient. For example, nasal or sinus polyps Jnay be cut and/or 

removed by advancing the cutting device into d1e nasal cavity and positioning a cutter at, next 

to,, in or near the polyp. The cutting device rnay include an elongate shaft and a cutter 

positioned ·within or on the elongate shaft The elongate shaH of the cutting device may he 

advanced into the nasal or sinus cavity to access the polyV and position th'-~ cutter near the 

poly'P. The cutting device includes a mechanism or motor \Vhich is po"vered by suction 

created h).r a ·vacuum source. The suction from the vac.:uum source povvers the mechanism 

causing it to produce a reciprocating or rotating motion \vhich causes the cutter to rec1procate 

or rotate to cut tissue. The tissue may- optionally bt~ evacuated using suction created by the 

vacuum source. The cut tissue ma)t optionally be gathered or collected with the cutting 

dev1ce, In certa1n variations, suction or vacuum may be turned off or not supplied to the 

opening and the tissue may be otherwise removed_ In cenaitl ·variations, the suction from the 

vacuum source may drmv tissue into an opening on the elongate sha.tt The cutter may be 

r{.~ciprocated past the opening to cut the polyp tissue dnl\Vn into the opening on the elongate 

shaft. [n certain variations, fhe 1nechanism 1nay be pO>\'ered solely by suction trom a vacuum 

source, without requiring the use of compressed or pressurized air or electric pmver to supply 

power. 

(0080) In cenain variations, a method for performing a discectomy in a subject may 

include advancing a cutting device at, to, next to, in or near a disc in a spine. For exarnple, a 

disc annulus or nucleus mav be cut bv advancing the cuttim! device into or next to the disc 
J - ~ w 

and positioning a (:utter at, next to, in or near the disc. The cutting devkx~ may include an 

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

the cutting de'vice may be advanced into or next to the disc to position the cutter. The cutting 

device includes a mechanisrn or motor \vhich is powered hy suction created by a vacuum 

source_ The suction trom the vacuum source pmvers 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 using suction created by the vacuum source. The cut 
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tissue may optionaii.Y be gathered or collected with the cutting device. In certain variations,, 

suction or vacuum may be turnt.~d otT or not supplied to the opening and the tissue rnay be 

othenvise remove& rn certain variations, the suction from the vacuum source may dra\v 

tissue into an opening on the elongate shaft. The cutter may be reciprocated past the opening 

to cut the disc tissue drawn into the opening on the elongate shatt In certain variations, the 

mechanism may be pmvered solely by suction from a vacuum source, without requiring the 

use of cornpressed or pressurized air or electric pov-...-er to supply pmver. 

(0081 I In cenain variations, a user 1nay cut tissue by positioning a cutting \'<lindm.v on an 

elongate shaft. against the tissue to be resected and actuaK~ a s\:~;.:itch or trigger to allo\v the 

mechanism to reciprocate. This causes a cutting blade to move back-and-forth past the 

cutting window. As tissue is drm.'vn into the cutting windm.v by suction, the blade shc:r1ies the 

portion oftiss.ue that is in the path of the cutting blade. The tissue .is then evacuated through 

the lumen of the shaft tl1at is connected to the blade and is deposited in a tissue coUection 

cha.mber. 

[00821 The cutting devices descdhed herein may he utilizing for a variety of proeedures 

as described supra. The cutting device may be advanced or inserted into or through existing 

ori.tkes, cavities or passages, e.g., a nasal cavity, ainvay, respiratory passage,. reproductive 

pathways, intestinal pathwa)rs or otht.~r pathways. The nttting devices may he advmKed or 

inserted into a patient percutaneous!:'{, intraluminally or in any· minimally invasive manner to 

perform a procedure in or on a subject. Optionally, a cutting device may be utilized through a 

surgical incision or site. 

(0083) The various cutting devices described herein, e.g., a handheld and/or portable 

cutting device, allow for cutting and/or removal of tissue , e.g., a nasal polyp, b~/ providing a 

lov...- cost, disposable device that a!lo\vs the tissue cutting procedure to take place in a manner 

that is safe, quick, and inexpensive_ The cutting device does not requirt.~ significant setup 

time, or the inconvenience and expense associated <vith capital equipment ln-otTice tissue 

rt~movat using a cutting device may be performed nsing local anesthet.k as compared to 

genera] anesthetic which is used in arnbulatory surgery centers. For example, a cutting 

device may be utilized to perform nasal and sinus polyp removal in a doctor's oftke setting. 

\VhHe the cutting devices described herein rnay he used to perform a polypecton1y, they can 

also be used for tissue resection procedures in other locations of the body, e.g.,. including for 
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ear, nose, and. throat surgery, gynecological surgery, spinal surgery·, general surgery and 

ophthalmic surgery. 

(00841 A cutting device that uses a vacuum source, e.g., an extemal vacuum source, to 

pfnver an actuating or reciprocating mechanism or motor that is connected to a cutter, thereby 

translating the reciprocating motion to ihe cutter to cause the cutter to reciprocate provides a 

number of advantages and effkiencies. The cutting device does not require an investment in 

capital equipment, such as electrk pov;iered consoles, thus providing a user \Vith a substantial 

cost savings. Capital equiprnent requires valuable storage space ·when not in use as \'V·e!l as 

service and maintt~nance in the bcilitit~s where it is used. The cutting devict~ also alk)\.VS a 

manufacturer to make continuous improven1ents \Yithout being constrained by installed 

capital equipment. 

[0085} The cutting devices described herein may be manulitetured using lovv cost 

components and assembly techniques, making the cost of the device much lower than a 

cutting device \Vhich utilizes an electric motor. The elongate shatl may be constructed iiom a 

variety of materials. For example, a combination of metal and plastic components that are not 

susceptible to heat buildup resulting from friction between moving components may he 

utilized. 

10086) Using a vacuum source as the po\.ver soun.:e lO provide both tissue evacuation and 

mechanical motion to cut tissue eliminates or reduces the number of additional or separate 

connections, \.·vires or tubes that \Vould otherwise be required to provide electrical or other 

pneumatic pmver, such as pressurized or con1pressed air, and evacuation. A standalone 

console to transfer the electrical or other pneumatic pO\:ver may not be required to operate the 

cutting device. 

[00871 In certain variations. a single tube connects the vacuum source to the cutting . ~ -
device to st.~rvt.~ the fun(:tions of tissue cutting, evacuation., and to p(.nver the nx~chanism which 

actuates the reciprocating cutter. A single tube simplifies connections required t{)r device 

operation and reduces the number {)ftubes attached to the devict.~ thereby reducing the 

"clutter" and unv,..-ieldiness caused by· multiple tubes and wire connections extending 11-mn a 

device. 

[00881 In cert.ain var1ations, a splitting connection , . .., ... ithin the handle may be provided 

·which connects the vacuum to both a tissue evacuation tube and the vacmun powered 

19 



wo 2012/003383 PCT/US2011/042686 

mechanism. The splitting connection may come in multiple forrns such as multiple 

connections to the tissue (:ollection chambt.~r where a single connec:tion to a source of vacuum 

creates a vacuum \'~/ithin a Filter Chamber. Another form of a splitting connection may be a 

"''{" or "T" shaped junction that joins two fluid paths into a single path. As a result of sharing 

the vacumn source bet\.veen the mechanism and the evacuation t11be ami cutting \·Vindmv or 

opening, the vacuum perform several functions 'lvithin the device: pO\vers the mechanism 

which causes the cutter to reciprocate, dra\:vs tissue into an opening or cutting window such 

that it mav he excised, evacuates the excised tissue throtw:h the tissue evacuation shaft to a 
~ - v 

t1ltt.~r or tissue collection chamber. 

[00891 \\/here an external vacuum source is connected to the device to provide suction to 

f~tcihtate tissue cutting and evacuation, an additional power source such as electricit)'·, 

compressed air, or mechanical input by the operator may not be required. 

(0090) Using vacuum pO\'Ver to actuate the cutter reduces operator f1~tigue compared to a 

systern requiring the operator to manually actuate the reciprocating mechanism. The rate at 

\vhich the cutter actuates, relative to manual actuation, may be significantly increased, thereby 

reducing the time required to complete a tissue resection or excision procedure. Also, the 

control for the rate of actuation of the mechanism or motor may be moved from a "primary'' 

position, such as a trigger or button, to a "set:ondary" position, e.g., on the de·vice handle. As 

a result, the ''primary control" may be utilized to control other parameters, e.g., the rate at 

\vhich the cutter actuates, the radius of curvature of the elongate shaft, or to control an 

electrocautery system that may be included in or on the device. A. knob, trigger, rol.ler clamp, 

or other control interfaces may be used to control the rate at \Vhich the vacuum driven 

mechanism or motor actuates or reciprocates. These options al!o\v the device to be designed 

in a variety of configurations to suit various Stlrgical specialties or personal preferences. 

(0091 1 The cutting devices described herein n1ay hav(~ a relatively !m.v mass, providing 

ease of use and comfort during short or long procedures. The cutting devices may he easily 

swr1tized using commonl)r used sterllization techniques such as electron beam radiation, 

garnma radiation, or Ethv!ene Oxide gas . ....._. . .... · \.... 

[00921 h1 certain variations, a pneumatic logic sequence that maintains high vacuum 

throughout the mechanisrn, rnotor or engine cycle by never venting the vacuum source to the 
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atrnosphere may be provided. As a result, fhe vacuum. suction or pressure that facilitates 

cutting and evacuation does not decrease \.vhile the mechanism or rnotor rc(:iprocates. 

(00931 ln cenain variations, the cutting device may include cautery, e.g., an electrocautery 

system or \vires heated via monopolar or bipolar radiofrequency, or by resistive heating. The 

cautery may be located at or near the distal extremity of the device to cauterize tissue to 

control bleeding at the site w·here tissue has been cut or excised. Having a cautery obviates 

the need to remove the device fron1 an operative site and replace it with a separate 

electrocautery device, thereby improving speed and ease-of-use for the operator \vhile 

rt.~ducing blood loss thr the patit.~nt The ek~ctrocautery system may be po\"'i't~red by \Vires that 

mn the length of the elongate shaft through an internal lumen within the elongate shaft The 

\vires ma).r be conne(:ted to a pm.'ver console or optionally the pmver source may be located in 

the handle or chamber of the cutting device. 

(0094) In cenain variations, a resistive heating ek~t'trocautery system may be provided on 

the distal tip of an elongate shaft. The po\.ver source for the electrocautery s-y·stem may be 

located in the handle of the cutting device and may be connected to the distal tip of the shaft 

by \\-'ires that nm tht~ length ofthe shaft. The power source may indude one or more batteries 

that provide electrical energy to the distal end of the device. The electrical energy may be 

con\>t~rted to hem energy '~'hen passed through a heating element such as a tungsten v.lire. 

[00951 As described supra, in certain variations, a cutting device may include a rnal!eable 

elongate shaft or at least a pattial!y malleable elongate shaft that that may be hand adjustable. 

A flexible or malleable shaft provides access to .multiple anatomical locmions using a single 

device, thereby improving cost efficiency and convenience for the operator. One or more 

anneaJed wires may be positioned in an elongate shaft or flexible shaft to allow the shaft to be 

manually shaped hy the user intra-operatively. Alternatively·, malleable tubing may be used 

to construct the elongate shaft to allmv manual shaping of the shaft. Additionally, wlx~n the 

distal end ofthe elongate shaft is curved toward the cutting v,.-indow, visibility of the cutting 

\Vindo\v location is imprcrved. 

10096) rn certain variations, the elongate shaft rnay' be flexible and a sen1i-rigid or rigid 

outer cannula or sheath may be provided on the shaft to change the radius of curvature on the 

shaft in a range from substantially straighi to curved, in an arc of about 180 degrees. The 

cannula allmvs the operator to optimize the curvature of the shaft based on the patient 
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anatomy. The operator may also increase or decrease the force between tl1e elongate sbatt or 

cutter and the target tissue being n1t by t.~xt.ending or retracting the cannula to innease or 

decrease the natural radius of curvature of the elongate shaft 

(00971 in certain variations, a semi-rigid or rigid outer sheath or cannula positioned over a 

Hexihle curved elongate shaft mav be used to chanue the radius of curvature ofthe curved 
~ • v 

shaft The radius of curvature may increase \vhen the straight and rigid sheath is extended 

over the cur-.. ..-ed portion of the shafl, whereas the radius of curvature returns to its precurved or 

predetermined shape when retracted from the curved port1on of the shaft 

(0098] Tht~ radius of curvature of a f1exible curved elongate shaft may be altt~red in-\+•·1) 

by utilizing or advancing or retracting a cannula over the elongate shaft This al10\vs the 

operator to change the radius of curvature of the elongate shaft in situ to gain access to a 

variety of anatomical locatkn1s \vithout rem.oving the device or dongate shan from the 

operative site to change the radius of curvature. 

(00991 In certain variations, the distal tip ofthe elongate shatl may be rounded and less 

likely to perforate sensitive stmctures or other tissue during advancement to a target tissue or 

\vhile cutting is being per£<.1rmed. This reduct~S susceptibility to inadvt~rtent contact v.,rith 

tissues that may result in unintended injury to the patient 

(0100) Rt.~t:iprocating a t:utter in a back-and-forth motion may shave and cut tissue by 

scissoring it rather than grabbing and ripping tissue as may be the case \vith certain rotary 

cutters or rotary mechanisms or motors. Back-and-fbrth cutting action may shave tissue \;,lith 

less rnovement of the tissue, which reduces the tension on the tissue and consequent trauma to 

the tissue thereb)-' reducing the likelihood of bleeding. The excised tissue may then be 

evacuated through an evacuation shaft and into a tissue collection charnber. ... 

[01011 An elongate shaft that includes a cutter shatl or an evacuation shaft Vi.'lth a cutter at 

its distal t~nd, v•.thich may be reciprocated in a back and forth n1otion along the longitudinal 

axis of the elongate shaft, may he positioned in line or at an angle relative to the vacuum 

dri\>t~n mechanism or motor and the handle or chambt~r in '\Vhich the rnedmnism or motor is 

positioned. Positioning at an angle allows the device handle to be positioned m.vay· frmn the 

control surfaces, light cord, and any· power cables for an endoscope and/or camera that may 

also be used during the tissue cutting procedure. The operator's ease-of-use is improved 

because the endoscope and the cutting device are not interfering \Vith one anotheL 
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[01021 A cutting device having a handle or hand piece that may he positioned in line with 

an elongate shaft or at an angle to tht.~ longitudinal axis of the elongate shat1 may provide 

improved ergonomic features for the operator. Fnr example, when the operator is using a 

second device, (e.g., an endoscope as described supra) through the same orifice or port that 

the elongate shaft of the cutting device has entered, the two devices 1nay interfere \vit:h one 

another. Hmvever, by positioning the handle or hand piece at an angle to the longitudinal axis 

ofthe shaft, t:he top and sides of the cutting device axound the shaft ami the connection 

between the handle and the shaft are at a very lo\v profile. Thus, the hke!ihood of interference 

is reduced. In certain variations, the t~longate shaft may be a(:tuatable, such thm the elongate 

shaft may.' be moved ben:veen a position in line vvith a handle or at an angle to a handle. 

[01031 The back and fotth reciprocating motion of a cutter shaft or an evacuation shaft 

with a cutter blade at its distal end may be tmns1ated al.ong a nonlinear path. Therefore, .it .is 

possible to position the vacuum driven mechanism or motor at an angle relative to elongate 

shaH of the device. Furthermore, the back and forth reciprocating motion of the cutter shatt 

or an evacuation shaft allO\\-'S the elongate shaft of the cutting device to be hem at the distal 

portion of the sh.aft (e.g,, ·where the shaft is malleable) to aJiow it to be shaped to access a 

variety of locations in the anatomy. 

10104) rn certain variations, separate conduits may be providt~d het<.veen the mechanism 

and evacuation lmnen such that vacuum tl1r evacuating tissue is not interrupted by the 

mechanism fi.mction. 

101051 An anvil component Inay be located at the distal end of the elongate shatl. An 

extension (e.g., a "tail") of the anvil may be provided proximal to the cutting \vindow. The 

extension tnay improve flexih11ity of the shaft altmving the shaft to be rnalleable closer to the 

distal end of the shaft. The anvil and/or extension may maintain or provide a guide t:or the 

evacuation shaft or the cutter shaft as it translates or rt~ciprocates axially·. In tht.~ absence of an 

extension. a longer anvil component that may be rigid over its entire length or a portion of its 

length may be pruvided. 

10106) rn certain variations, a cutting opening or windmv may·· be positioned on the side of 

the elongate shaft. The side positioning allows the operator to rnaintain visual contact or 

visualization on the position of the opening or v.,;indow and tissue that cmnes into contact with 
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the opening or w indo\v. This visual contact reduces the likelihood of unintentionally causing 

injury to tissue. 

(01071 A cutting \Vindov>' may be shaped to prevent the cutter from exiting the lumen of 

the elongate shaft or the anvil component, through the cutting \vindm.v. The cutting \vindovl 

in combination with the cutter may provide a tissue scissoring cutting action, as cornpared to a 

guillotine cutting action on a straight sided cutting \vindm.v. 

[01081 In cert.ain var1ations, the distal portion of an elongate sha-!1 rnay he plastic, an 

indwelling anvil component rnay he metal, a cutter m.ay be metal and the evacuation tube may 

bt~ plastic. This <mangt.~ment may reduce the likelihood of heat build up from frk:tion between 

moving and.ior stationary components of the cutting device. This arrangement may create a 

scissoring cutting action, and/or allm:v the distal end of the elongate shaft to be flexible and 

malleable. Additionally, the use of plastic components reduces or elirninates lhe possib.illty 

that electrical energy may be tmintentionally transmitted through the shaft thereby injuring the 

patient. 

[01091 Optionally, the elongate shaft may be rotatable about the axis of the shaft relative 

to the de·vice handle or ch<m1ber, \Vhich allO\VS tht.~ operator to rotate the shaft \Vithout rotating 

the device handle. 

lOll OJ rn certain variations, one or more lumens 51, e.g., nonconcentric lumens may be 

positioned in the elongate shaft (As shmvn in Fig. 1 F). Nonconcentric lumens rnay provide 

advantages compared to single lumen shafts and shafts having concentric lumens. For 

example., one or more ofthe lumens may be used for the ·f~JIJm.ving purposes: lO provide a 

t1uid conduit for irrigant; to hold or contain one or more malleable wire(s) to maintain the 

shaft curvature when shaped by the operator; to contain the e\iacuation shaft or cutter shatl 

and evacuation tmnen; and/or to transrnit t1uid to treat bleeding. 

(011 J I In ct.~rtain variations, an C'i-'acuation ltm1en may he non contiguous around its 

circumference down a portion or the entire length of the evacuation shaft to improve 

flexibility \\·'hile reducing the hkelihtK)<.J of kinking the evacuation lunx~n. 

10112) A smaU gap or a sealing 0-ring hetv-,;een the evac.uation shaft. and the inside of the 

main lumen of the elongate shaft, may reduce the likelihood ofleakage of suction through the 

proximal end of the elongate shaft, \.\'hich would reduce the suction present at the '·'·.rindO\·V. 
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[01131 Optionally, a ring of material may be provided between tl1e outside diameter of a 

noncontiguous evacum1on lumen and tht.~ inside d1ameter of a mult1~1umen evacuation shaft or 

tubing that seals the air gap hehveen the two structures and thereby reduces leakage of air 

tlovv in the distal direction from the device handle to the opening in the evacuation shaft or 

lumen, located proxixnal to the cutting windmv or opening, 

[01141 Optionally', various tluids may be applied or delivered to the distal end of the 

elongate shatl v,..-here t11e cutter and \.'ir'indow are positioned. A. Huid tnay he emitted, via a 

lumen in the elongate shaft, from the distal end of an elongate shaft at a temperature that is 

10\v enough such that the tlu1d can be used as a bkeding therapy. A collagt.m foam may be 

emitted from the distal end of the elongate shaft as a bleeding therapy. These are inexpensive., 

quick, and easy \vays to apply a bleeding therapy or anticoagulant to a bleeding site where 

tissue is beinu cut. Anti-coauulant substances emitted Jiom the distal. end of tl1e e!onuate v v v 

shaft as a bleeding therapy may be applied directly and t'On\.·eniently to the tissue, e.g., 

\Vithout exchanging or removing the cutting device to replace it \vith a separate dev.ice 

intended tor applying anticoagulation therapy. 

[01151 In ct~rtain \>ariations, separate fluid conduit paths to the vacmm1 source may be 

provided to allow the vacuurn pow·ered mechanism and cutter to he operated independently 

from the tissue evacuation. The independent fluid paths and operation capability of the 

vacuum po\vered mechanism and evacuation may allow the opening in the distal end of the 

elongate shaft of the cutting device to operate as a suction port to evacuate tissue and blood 

even \Vhen the vacuum powered mechanisu1 is not in operation or is stalled or halted, e.g., 

when tl1e trigger is actuated to engage and hold the shuttle piston to pre,·ent its re.ciprocation. 

10116) OptionaUy, a single fluid conduit path bet\\'een a cutting '>'Vindm.>..t and the vacuum 

source that includes an evacuation shaft and vacuun1 mechanisn1 may· be utilized to reduce the 

air t1o\v requirements of the device hy using air t1mv created by tht~ vacuum to poVi't~r both tht~ 

vacuum mechanisnl and the evacuation oft1ssue. 

101171 Set forth beio\v are additional featllres or functions that may· be ntihzed or included 

'lvith various cutting devices described herein: 

[01181 A dear tissue collection chamber may be utilized to allow the operator to 

intraoperath~-ety visualize resected tissue in real thne. Additionally, the operator ami patient 
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are able to see ·whether the device has been previously used by inspecting the tissue collection 

chambt.~r. 

(Oll91 A dual chamber tissue collection system may be provided to separate tissue 

resected from different locations in the event it is desired to biopsy the tissue fiom t"\VO 

different locations in the body 

[01201 A bi-stable S'-vitch fabricated from plastic, metal or other material and an elastic 

spring may be utilized in a xnechanisn1 to ensure reliable transition of a Shuttle piston past a 

vacuum supply port to prevent unstable tlutter of the Shuttle p1ston and consequent 

mechanisn1 or motor stalL Optionally, a bi-stable s\vitd1 h~bricated using sheet metal \Vith 

nvo legs that are connected at one end but separated at the opposite end in their natural state 

may be provided. The separate sheet metal legs are then riveted or othen:vise connected to 

create a bowed sheet metal c<.nnponent that is stressed and hi-stable. Optionally·, the separated 

end may be folded and joined to result in a three dimensional curve that is stable in tV•/O 

pos1t1ons. These variations may not require a separate elastic spring to be bi-stable. 

[01211 Optionally, back-and-forth reciprocating motion from a vacuum pmvered 

mechanism may be mt~chanically convened to rotational motion or rotary oscillation to 

provide rotational or rotary oscillation mechanical output by the mechanism. 

101221 A tissue evacuation shaft may be routed through the center of the drive Piston to 

provide <Ul efHcient method of transferring the mechanical output of the mechanism to the 

cutter at the \·vindmv, 

101231 To prevent vacuum leakage in the motor, a thin plastic seal may be rnolded 

integral to a component and plastically deformed by squeezing the thin plastic seal in a die to 

increase its t1exibi!ity and conl{)rmability. This may reduce the cost of components and 

assembly labor, and it may imprm.'e the overall reliabihty of the mechanism. Optionally, flash 

tbnned at a patting line of a mold may be used as a seal because it is very thin and flexible 

and conforms to the geometry of mating components \vhile maintaining minimal t}iction 

bt.~t\\'t.~en components. An 0-ring may optionally be used to create a seal between molded 

components. 

[01241 h1 certain variations, a mechanism may include a Shuttle piston positioned or 

arranged adjacent to and! or parallel to the drive Piston such that overall mechanisrn ami or 

device size is reduced, the transfer of mechanical motion benveen the pistons is easier and 
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more efficient and the t1mv of air through the device is more efficient This arrangernent may 

allo\v for a smaller, easy to hold and use device. The shuttle and drive piston "'s rnay be 

coupled hy a bi-stable s\vitch. 

(01251 A spring-loaded Trigger may direct1:-l or indirectly interact \·Vith the Shuttle piston 

or va]-./e to turn the rnechanisrn ''ON" and '"OFF." This reliably' and consistentl~/ controls the 

mechanism function. The trigger may be designed to ah-vays stop the motor v.rith the Cutter 

shaft proximal to the opening or cutting \Vindow thereby leaving the cutting vvindm.'·/ open 

such that the device mav be used in "suction onlv" mode through the window-. AdditionaUv, a 
~· &. ...... .,J' • 

dt.~vice cleaning tool, such as a dedogger, may be threaded through tht~ cutting windov...' and 

proximally advanced through and/or along the tissue evacuation path to dear or remove 

obstructions in the tissue evacuation path. 

[0126} A loop ofHexible tubing that connects the evacuation shati to a stationary 

connection on the device, such as a vacuum port, provides a 10\.v cost \Vay to allow back-and­

J~)lth motion of the evacuation shaft and the mechanism without causing shaking, vibration or 

external motion of other tubing or components in a chamber or handle, and \vithout dislodging 

the evacuation path connection to the tissue co!lection chamber. The loop oftubing may 

change shape to accommodate the hack-and-forth motion of the evacuation shaft 

10127) Tlw cutting de\.cke may be dt.$igned such that inigant does not fknv unless sudion 

is present at the opening or cutting \vindow to drmv the irrigant, e.g., to provide a self 

regulating supply of irri gant This may' be possible by supplying a reservoir of irrigant that is 

not pressurized relative to atnHJspheric air, however, w·hen suction is applied to the reservoir, 

irrigant tlows from tl1e reservoir and toward the source of vacuum. An example of this is a 

syringe fllled with irrigant that is connected to tubing; \vben suction is applied to the tubing, 

irrigant t1o-..vs from the syringe and through the tubing tmvard the source of vacuurn. This will 

ensure tht.~ irrigant does not uninwntionaHy t1o\\-' out of the dt.~vice and leak into the patient 

where it may he problematic such as when aspirated by the patient (e.g., \vhen the device is 

used in the respimtory passages), e.g., \\-'here a patient is under general anesthesia and can't 

cmnnmnicate. An irrigant reservoir may be located \Vithin the handle of the device such that 

it may be filled hy the operator as needed, thereby reducing the number of tubes and 

connections that are tethered to the cutting device. 

27 



wo 2012/003383 PCT/US2011/042686 

[01281 A cutting device or rnicrodebrider having a reciprocating or back¥and¥forth cutting 

motion may optionally bt~ powered by an integrated supply of compressed air sm.:h as a C02 

cartridge or by a battery, e.g., one that suppbes electricity to a DC motor that actuates a cutter. 

This \vould allen:~,.' the vacuum supply to be used entirely to dra\·V tissue into the cutting 

'lvindm-v and to evacuate exdsed tissue thereby increasing or ilnproving a resection rate. t\. 

separate power console is not necessary to provide po\ver to the device. 

Exemplary Vacuum Powered ~-1echanisrns Or iv:Iotors 

10129] A vacuum powered or driven mechanism or n1otor used in various of the cutting 

devices described herein may be so called because it uses suction from an internal or external 

vacuum soun::l~ to produce movement. The vacuum nK~chanism or motor does not create 

suction and is not w be confused 'with a vacuum pmnp The Vacuum is used to po,ver a 

mechanism to pov•.rer a medical <.kvice \.Vhich cuts and evacuates tissue. A vacuum-pO\:vered 

mechanism generates the reciprocating or rotating motion of the cutter in the device. The 

mechanism may be pO\\-'ered by the dif1erence in ambient atmospheric air pressure on one side 

of a piston and a vacuum (or partial vacuum) 011 the opposite side of the piston in the chamber 

or cylinder in '-"thich the piston is positioned, 

10130) One vacuum met:hanisrn or motor des<.:ribed herein may be reft~rrt~d to as a double 

action vacuum po\'vered rnechanism or double action n1echanism because it uses suction to 

move the piston in both dirt~ctions_ Vacuum or suct.ion is a!temately applied to eit.her sides of 

a piston to cause the piston to a!temately move back and fhrth in the direction ofthe vacuun1 

(or partial vacuum). \lacuum mechanisms or motors that use a spring to return them to their 

starting position may be referred to as a spring action or spring return 1nechanism .. i\ single 

action mechanism or motor may use a vacuum to drive the piston in a single direction until 

the vacuum IS vented and the piston is returned to its starting position by· a spring. 

(01311 One advantage of using vacuum to move the piston in both directions, as 

compared to using a spring to return the piston to its starting position, is that the efiiciency of 

the motor is nearly doubled. A spring return mechanism must have a piston size and C)rlinder 

volume that is large enough to generate adequate torce both to perform the \vork output 

requ.ired of the motor as \.veil as to corn press the retmn spring. The srna!ler piston size of a 

double action mechanism alltwls the mechanism to be incorporated into a handheld device. 
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The spring on a spring~retum motor must be adequately sized to reliably return the piston to 

its starting position with an adequate saft.~t.y margin to rdiably overcorne friction and external 

forces on the mechanism. 

(01321 Exemplary variations of vacuum driven mechanisms are described herein, Figures 

JA-513 shmv '/ariom mechanisms in distal and proxilnal positions. The distal position refers 

to a piston in the 1nechanism being motivated in a direction tow·ard the distal end of the 

cutting de .. /ice in which the mechanism would be situated. Regarding the fiUllres described 
~ .(.,... .(.,... ...... 

belO\\i, frotn a vie\ver''s perspectiv·e, the left side of the figures is the proximal side and the 

right side of the figurt.$ is the distal side. The proximal position refers to a piston in the 

mechanism being motivated in a direction tmvard the prox-imal end of the cutting device in 

\vhich the mechanism \\'ould be situated. 

[0133} Fiuure 3A sho\vs a cnJss sectional view of a variation of a double act1on vacuun1 
'-' 

po\-vered mechanism 310 or motor, similar to the mechanism 30, referred to above. The 

mechanism 310 includes a bi-stable s\vitch. Figure 3A sho\vs the mechanism 10 in a 

proximal position, \vhile Figure 38 shmvs the double action vacuum powered mechanism in 

the distal position. 

10134} Referring to .l~·igures 3A-3B, the vacuum powered mechanism 310 includes a drive 

piston 301 having a piston shan. 302. The drive piston 30 l including at least a portion of the 

piston shaft 302 are positioned vvithin a drive piston chmnber 307. The drive piston 30 l 

divides or separates the drive piston chamber into a proximal drive piston chamber 307a and a 

distal driv--e p1ston chamber 307b. The drive piston 301 may reciprocate proximal!)..- and 

distally within the drive piston chamber 307 \vhen vacuum and ambient air are altematdy 

applied to opposite sides of the drive piston l in drive piston charnbers 307a and/or 307b. 

The piston shaft 302 may reciprocate along \vith the drive piston 30 I, and the reciprocating 

piston shah 302 may conduct reciprocating motion output. 

(01351 A h1-stab!e S\vitch 303 is connected or coupled to a shuttle piston 314 and a svv1tch 

spring 305. The S\\dtch spring 305 may cause the bi-stable switch 303 to quickly transition 

frmn a distal position to a proximal position and vice versa. The bi-stable S\vitch is stable 

\'vhen it is in either a proximal position (Fig, 3/\) or a distal position (Fig. 3B), but not \vhen it 

is in behveen those two positions and therefore the switch resists residence in an in-betvveen 

state. As a result, the mechanism does not "flutter" or the mechanism minimizes "flutter''' 
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w·hen in transition het\'veen states. For example, the shuttle valve 313 may not flutter or not 

Htil to thlly transition from a proximal to a distal position or vke versa as the hi~stable s>vitdl 

causes the shuttle piston 314 and a shuttle valve 313 to transition or translate in the proximal 

or distal direction over and past a shuttle chamber vacuum supply port 308, 

10136) The bi-stable switch 303 may be actuated by the drive piston shaft: 302 \.vhen the 

drive piston 1, and therefore the piston shaft 302, mo,ve in either the proximal or distal 

directions. Actuation of the bi-stable S\vitch 303 results in n1ove1nent of the shuttle piston 314 

in either the proxitnal or distal directions. Movement of the drive piston in the proximal 

direction results in movement of the shuttle piston in the proximal direction via the bi-stable 

S\vitch, \vhile movement of the drive piston in the distal direction results in movement of the 

shuttle piston in the distal direction via the bi-stable s\vitch. 

[0137} The shuttle piston 314 is positioned w·ithin a shuttle p.iston chamber. The shuttle 

piston 314 includes a shuttle valve 313 or flange \Vhic.h may extend radialJ; .. therefrom, which 

separates or divtdes the shuttle piston chamber into a proximal shuttle piston chamber 315 and 

a distal shuttle piston chamber 316. Proxin:ta! shuttle piston chamber 315 may be in t1uid 

communication with proximal drive piston chatnber 307a via proximal vacuum slot 304. 

Distal shuttle piston chamber 316 may be in Huid communication v•.dth distal drive piston 

chamber 307b via distal vacuum slot 306. 

[01381 The shuttle piston (314) may also include a proximal ambient air seal (309), a 

proxima! crudfom1 (31 0), a distal ambient air seal (311 ), a distal cruciform (312), and a 

central shaH connecting the above cotnponents. 

(0139) A shuttle piston chamber vacuum supply port (308) may be connected to an 

external or internal vacumn source or supply to evacuate the proximal shuttle piston chamber 

315 and./or the distal shuttle piston chamber 316, "111e vacuum port 308 may allov...- tor 

evacuation hy vacuum of the proximal drive piston chamber 307a via the proximal vacuum 

slot 304 and the proximal shuttle piston chamber 315 .. The vacuum port 308 may allmv for 

evacuation by vacuum of the distal drive piston chamber 307b ·via the distal vacuum slot 306 

and the distaJ shuttle piston chamber 316. 

[01401 For example, Proximal drive piston Chamber (307a) may be evacuated by vacuum 

when in Jluid cmmnunication \Vlth the external vacuum source via the Vacumn Port (308), 

Proximal Shuttle piston Chamber (315), and proximal vacuum slot 304, Distal drive piston 
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Chamber (307b) ma.Y be evacuated b) .. vacuum V1/hen in conu11unication v .. dth the external 

vacuum source via the \lacuum Port (308), Distal Shuttle piston Chamb~;.~r (316), and distal 

vacuum slot 306. Presence of vacuum in P-roximal drive piston Chamber 307a results in 

differential pressure between the proximal and distal sides of the Piston (30 1) that. results in 

'lvorking fi.)rce to 1nove the Piston (301) proxitnally· v,..-hen mnbient air is in the distal drive 

piston Chamber (307b). Alternately, ambient air (322) in proximal drive piston Chamber 

307a applies working force to move the Piston (301) distally \vhen the Distal drive piston 

Chamber (307b) is evacuated. 

10141] Tht~ shuttle piston 314 may be translated or positioned in a shuttk~ piston chamber 

such that Shuttle piston valve 3l3 can seal against the shuttle block f32l) to the distal side of 

the vacuum port (308) to allow the proximal shuttle piston chamber (315) andior proximal 

drive piston chan1ber (307a) to be evacuated b) .. communicating \vith an extemal vacuum 

supply. Alternatively, the shuttle piston 3! 4 may be translated or positioned in a shuttle 

piston chan1ber such that the shuttle piston valve 313 may seal against the shuttle block (321) 

to the proximal side of the vacuum port (308) to allmv the distal shuttle piston chamber {316) 

and/or distal drive piston chamber (307b) to bt~ evacuated by comn1tmicating with the external 

vacuum supply. 

10142) Tlw proximal shuttle piston chamber (315) may allms.-' fbr fluid communication 

bet\·veen the V'acuum Port (308) and the Proximal drive piston Chamber (307a) through the 

Proximal Vacuum Slot (304). The proximal shuttle piston chamber {3315) may also allo\v for 

Huid communication between the Proximal drive piston Cha.rnher 307a and ambient air when 

the Proximal Shuttle Seal (309) is in the proximal position, i.e,, an open or unsealed position. 

10143) The Distal Shuttle piston Chmnher (316) ma)r allow for fluid conununication 

between the V'acuum Port (308) and the Distal drive piston Chamber (307b) through the 

Distal Vacuum Slot (306). The Distal Shuttle piston Chamber (316) may allm~..r for t1uid 

communication between the Distal drive piston Chamber 307b and ambient air \vhen the 

Distal Shuttle Seal 311 1s in the distal position, i.e., an opt.m or unsealed position. 

10144) The proximal ambient air seal (309) ofthe shuttle piston 314 may seal against 

shuttle block (321) to prevent ambient air leakage into proximal shuttle piston chamber 315 

when the proximal shuttle piston chamber (315) is evacuated. Also, the pro),;irnal crucifonn 

(3 I 0) can maintain shuttle piston (314) position concentricity relative to proximal shuttle 
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piston chamber (315), e.g., when fhe shuttle piston (314) moves to a proximal position and 

vents ambient air to the proximal shuttle piston chamber (315). 

(01451 The distal ambient air seal (311) of the shuttle piston 314Inay seal against shuttle 

block (321) to prevent ambient air leakage into distal shuttle piston chamber 316 when the 

distal shuttle piston chamber (316) is evacuated. Also, the distal cruciform (312) can 

maintain shuttle piston (314) position concentricity relative to distal shuttle piston chamber 

(316), e.g., '>vhen the shuttle piston {314) moves to a distal position and vents an1bient air to 

the distal shuttle piston chamber (316). 

10146] Tht~ vacuum powered mechanism 310 may also include a Distal drive piston 

chamber Endcap (317), which may prevent or minimize .t1uid communication bel:\veen 

ambient air and the Distal drive piston Chamber (307b) in addition to providing a sealing and 

bearing surtitce \vith the dri•l""e Piston Shall (302). The vacuum pO\vered mechan1sm 310 may 

also include a Distal drive piston chamber Endcap Seal (318}, "vhich may prevent or minimize 

ambient air leakage between the Distal drive p1ston chamber Endcap (317) and the drive 

piston Shaft (302),. e.g., \vhen the Distal drive piston Chamber (307b) is evacuated. 

[01471 The vacuum pO\\'ered mechanism 3! 0 may also include a Proximal drive piston 

Chamber Endcap (3l9 ), 1-vhich may prevent or minimize .!luid communication between 

ambient air and the Proximal (bve piston Chan1ber (37a) in addition to providing a sealing 

and bearing surHlce with the drive Piston Shaft (302). The vacuum pmvered mechanism or 

motor 310 may also include a Proximal drive piston Chamber Endcap Seal (320), which may 

prevent or n1inimize an1bient air leakage bet·ween the Proximal drive piston Chamber Endcap 

(319) a11d the drive Piston Shaft (302), e.g., \.Vhen the Proximal drive piston Chamber (307a) 

is evacuated. 

[01481 The drive piston shaft 302 may seal against the endplates or endcaps 317, 319 or 

shuttle block 321 to prevent or minimize loss of vacmm1 to ambit~nt air 322. A! so, various 

seals knmvn to person of skill in the art may be utilized to seal the piston shaft against the 

endplates or endcaps 317, 319 or shuttle block 321. 

10149) A shuttle block 321 or other fl-ame, structt1re, or casing may provide an ont:er 

structure for the vacuum powered mechanism 310. Ambient air 322 refers to air at 

atmospheric pressure \\o··hich is located outside of the vacumn Jnechanism. Ambient air 322 
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may· also be allrw,red to flow inside various chambers of the vacuum pmvered mechanism 

during use of the rm~chanism as dt.$cribt.~d herein. 

(01501 ln use or in operation, the vacuum powered mechanism 310 operates by a 

pneumatic mechanism, method or logic that utilizes an external or internal vacuum source to 

provide the force to cause reciprocating motion of the drive piston 301 in botl1 proxirnal and 

distal directions. A bi-stable S\vitch may be utilized to transition the mechanism as it reverses 

or changes direction. 

(01511 For example, the vacuum port 308 may be opened to the distal drive p1ston 

cha:mber 307b to evacuate the distal drive piston chamber 307b and ambient air is dosed to 

the distal drive piston chamber 307b,. '.vhlle ambient air is opened to the proximal drive piston 

chamlx~r 307a and the vacuum port is closed to the proximal drive piston chamber 307b. The 

drive Piston advances to\vard a distal position due to the vacmun inside the distal drive p.iston 

chamber 307b, on the distal side of the drive piston 301 and the ambient air pressure in the 

proximal cylinder chamber, on the proximal side ofthe drive piston 30 l. 

[01521 As a result of the different1al pressure created on opposite sides of the drive piston 

301, the drive piston Rod or shaft 302 moves through its dwell until it contacts the bi-stable 

switch 303, causing the bi-stable svvitch 303 to rapidly· change states frorn a proximal position 

to distal position, moving in the distal dirt~ction. The bi-stabk~ S\-Vitch is attad1ed to the shuttle 

piston 314 and rapidly causes the shuttle 314 to move from a proxima! position to distal 

position in the shuttle chamber_ As a result, the vm::uum seal 313 on the shuttle piston 314 

moves fiom the proxinutl side ofvacuum port 308 to the d.istal side of the vacuum port 308, 

opening the vacmun port 308 to the proximal drive piston chamber 307a to evacuate the 

pmxi1nal drive piston chamber 307a, and dosing the vacuum port 308 to the distal drive 

piston chamber 307b. Also, the distal seal 311 on the shuttle piston 314 opens the arnbient air 

322 to vent the distal drive piston chamber 307b to ambient pr($Stlfe, and the proximal seal 

309 on the shuttle piston 314 closes the mnbient air vent to the proximal drive p1ston charnber 

307a. 

10153) The drive piston 301 then reverses diredion and nlO'>'es in the proximal direction, 

due to the vacuum inside the proximal drive piston chamber 307a, on the proxilnal side of the 

drive piston and the ambient air pressure in the distal fl.rive piston charnbeL. on the distal side 

of the drive piston 30 l . 
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[01541 As a result of the differential pressure created on opposite sides ofthe drive piston 

301, dri,.,t~ piston Rod or shaft 302 moves through its d"~.veH until it conta,:ts the bi-stable 

S\vitch, causing the bi-stable sw1tch to rapidly change states from a distal position to a 

proximal position. The bi-stable S\\.ritch is attached to the Shuttle 314 and rapidly causes the 

Shuttle 314 to move fhm1 its distal position to a proxilnal position in the shuttle chamber. As 

a result, the vacuum seal 313 on the shuttle piston 314 moves frorn the distal side of the 

Vacuum Port 308 to the proximal side of the vacuum port 308, opening the vacuum port 308 

to the distal d.rive piston charnber 307b to evacuate the distal dr1ve piston chamber 307b, a.nd 

closing the vacuum port 308 to tht~ proximal drive piston chamber 307a. Also, the Proximal 

Seal 309 on the Shuttle piston 314 opens the ambient air 322 to vent the proximal drive piston 

chamlx~r 307a to ambient pressure, and the Distal Seal 3ll on the Shuttle piston 314 closes 

the arnbient air vent to the distal drive piston chan1ber 307b 

(0155) Consequently, the mechanism has completed one cycle and is free to continue 

reciprocating as described above by a!tenwting suction or a.ir pressure on opposite sides of the 

piston, as long as adequate vacuum is available to the mechanism. Indeed, the above Steps 

may repeat as nect$Sary such that the vacuum powered mechanism creates a reciprocating 

motion until the vacuum source is disconnected, turned on: or if the vacuum is inadequate to 

on~r\.:ome the H.)rce required to move the dri\.re piston 301 or if the mechanisn1 3 I 0 is stalled 

or stoppe& 

[01561 The reciprocating motion of the mechanism may be utilized to actuate a cutting 

device or to operate or actuate another device, e.g., another rnedical device. In certain 

variations, cutting device may be positioned by mant~uvering a flexible or malleable shaft of 

the device e.g., 1nanua!ly or automatically. The shaft n1ay he 1naneuvered or positioned 

around sensitive tissues or structures in the hum.an body by changing the shape of the shaft 

For exmnpk\ extending or retracting an ouwr sheath or cannula on the shaft or advandng or 

retracting the shatt relative to the outer sheath, thereby aHm.ving improved maneuverability of 

the shaft aJOund structures or \1iiithin cont1ned spaces may be perfom1ed, e.g., a!lov,ring a 

shaft's predetermined cmvature 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. 

ll/848,565, 11 /'848,564, and 11 /'848,562, each ofv,,·hich 1s incorporated herein by reference in 

their entirety for all purposes. 
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[01571 Figure 4A shows a cross sectional vie\v of another variation of a double action 

vacuum pc.wlered mechanism or motor in a proximal position, \vh11e Figure 4B shuws the 

double action vacuum pO\vered mechanism or motor in a distal position. 

(01581 Referring to Figure 4A-4B, the vacuum po\vered rnechanism 430 includes a piston 

431 h<rving a piston shaft 432. The piston 431 including at least a portion of the piston shaft 

432 are positioned '-Vi thin a cylinder chamber 437. The piston 431 divides or separates the 

cylinder chmnber 437 into a proxixnal cylinder chamber 43 7a and a distal cylinder chamber 

437b. The piston 431 may reciprocate proximally and distally within the cylinder charnber 

43 7 when vacuum and ambient air are alternately applied to opposite sides of the piston 431 

in cylinder chambers 43 7a and/or 43 7h. The piston 431 and piston shaft 432 may reciprocate, 

and the reciprocating piston shaft 432 may conduct reciprocating motion output 

[0159} A proximal shuttle pin 433 is connected to a shutil.e 444. The shuttle p.in 433 may 

be actuated by the piston 431 when the piston 431 moves in the proximal direction and 

contacts the proxinu1l shuttle pin 433. A.ctuation ofthe proximal shuttle pin 433 by the piston 

results in movement ofthe shuttle 444 in the proximal direction. 

[OlfiOI A distal shuttle pin 435 is also connected to the shuttk 444. The distal shuttle pin 

435 may he actuated by the piston 431 Vii hen the piston 43 J moves in the distal direction and 

contacts the distal shuttle pin 435. Actuation oft.he distal shuttle pin 435 by the piston results 

in movement of the shuttle 444 in fhe distal direction. Indeed, movement of the piston in the 

proxima! direction results in movement of the shuttk~ in the proximal direction via contact 

with the proximal shuttle pin 433, while u1ovement of the piston in the distal direction results 

in movement oft11e shuttle in the distal direction via t'ontact with the distal shuttle pin 435. 

10161) The shuttle 444 is positioned \Vithin a shuttle chamber. The shuttle 444 includes a 

shuttle valve 443 or t1ange Viih1ch may extend radially therefrom, which separates or divides 

the shuttle chamber into a proximal shuttle chmnber 445 and a distal shnttlt~ chambt~r 446. 

(01621 Proxima! shuttle chamber 445 may he in t1uid communication with proximal 

cylinder chamber 437a via proxirnal shuttle pin slot 434. Proximal shuttle pin slot 434 also 

provides an opening in \·Vhich the proximal shuttle pin 433 may txanslate between proximal 

and distal positions. Distal shuttle chamber 446 may be in tluid communication \Vith distal 

cylinder chmnber 437b via distal shuttle pin slot 436. Distal shuttle pin slot 436 also provides 
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an opening in which the distal shuttle pin 435 may translate bet.,v·een proxima! and distal 

positions. 

(01631 The shuttle (444) may also include a proximal ambient air seal (439), a proximal 

cruciform (440), a distal ambient air seal (441 ). a distal crucifon:n ( 442), and a central shatt 

connecting the above components. 

[01641 A vacuum port (438) may be connected to an external or internal vacuum source 

or supply to evacuate the proximal shuit!e charnber 445 and the distal shuttle chamber 446. 

The vacuum port 438 may allovv for evacuation by vacuum of the proximal cylinder chamber 

437a via the proximal shuttle pin slot 434 and the proximal shuttle chamber 445. The vacuum 

port may a!lm"' for evacuation by vacuum of the distal cylinder chamber 437b via the distal 

shuttle pin slot 436 and the distal shuttle chamber 446. 

(0165} For exan1ple, Proximal Cylinder Chamber (437a) may be evacuated by vacuum 

when in 11uid communication w·ith the external vacuum source via the Vacuum Port. (438), 

Proximal. Shuttle Chamber (445), and Proximal ShutHe Pin Slot 434. Distal Cy!.inder 

Chamber (437b) may be evacuated by 'i/acuum when in communication \vith the external 

vacuum source via t11e Vacuum Port (438), Distal Shuttle Chambt.~r (446), and Distal Shuttle 

Pin Slot (436), Presence of vacuurn in Proximal Cylinder Chamber 437a results in 

differential pressure between the proximal and distal sides of the Piston (431) that results in 

\VOI:king force to move the Piston (431) proximally \\'hen ambient air is in the distal Cylinder 

Chamber (437b). Alternately, ambient air (422) in proximal Cylinder Chamber 437a applies 

working force to move the Piston (43 .1) distally ~,-vhen the D.istal. Cylinder Chamber (437b) is 

evacuated. 

10166) The shuttle 44 xnay he translated or positioned in a shuttle chmnber such that 

Shuttle valve 443 can seal against the shuttle block (451) to the distal side of the vacuurn port 

(438) to allo\v the proximal shuttle chamber (445) and proximal cylinder (:ha.mber {437a) to 

be evacuated by con1municating with a11 external vacuum supply·, Alternatively, the shuttle 

444 may be tnmslawd or positioned in a shuttle chatnber such that the shuttle valve 443 may 

seal against the shuttle block (45 I) to the proximal side of the vacuum port (438) to aiiO\·V the 

distal shuttle chamber (446) and distal cylinder chamber (43 7b) to be evacuated by 

connnunkating v,..-hh the external vacuurn supply. 
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[01671 The proximal shuttle chamber (445) may allmv tl-,r Huid communication between 

the Vacuum Port (438) and the Proximal Cylinder Chamber (437a} through the Proxirnal 

shuttle pin Slot (434). The proximal shuttle chamber (445) may also allo\v for fluid 

communication benveen the Proximal Cylinder Chamber 437a and ambient air \vhen the 

Proxin1al Shuttle Seal (439) is in the proximal position, i.e., an open or unsealed position. 

[01681 The Distal Shuttle Chan1ber (446) may allmv for t1uid communication behveen the 

Vacuum Port (438) and the Distal Cylinder Chmnber (437b) through the Distal shuttle pin 

Slot (436). The Distal Shuttle Chamber (446) may allmv for t1uid communication betv .. ··een 

the Distal Cylinder Chamber 437b and ambient air \vhen the Distal Shuttle Seal41 is in the 

distal position, i.e., an open or unsealed position. 

[01691 The proximal ambient air seal (439) of the shuttle 44 may seal against shuttle 

block (421) to prevent an1bient air leakage into proximal shuttle chamber 445 \Vhen the 

proximal shuttle chamber (445) is evacuated. Also, the proximal cruciform (440) can 

maintain shuttle (444) position concentr1city rdativ·e to proximal shuttle chamber (445), e.g., 

\Vhen the shuttle (444) moves to a proximal position and vents ambient air to the proximal 

shuttle chamber (445), 

10170} The distal ambient air sea! (44 t) of the shuttle 444 rnay seal against shuttle block 

(51) to prevent ambient air leakage into distal shuttle chamber 446 \-Vhen the distal shuttle 

chamber (446) is evacuated. Also, the distal cruciform (442) can rnaintain shuttle (444) 

position concentricity relative to distal shuttle chamber (446), e.g,, \\-'hen the shuttle (444) 

moves to a distal position and vents amb1ent air to the distal shuttle chamber (446). 

(0171) The vacuum powered mechanism 430 may also include a Distal Cylinder Endcap 

(44 7), ~,:.vhich xnay prevent or minimize Huid connmmication bet\veen mnbient air and the 

Distal Cylinder Chamber ( 43 7b) in addition to providing a sealing and hearing surface \Vith 

the Piston Shaft (432). The vacuum pov.··en.~d tnechanism 430 may also includt.~ a Distal 

Cylinder Endcap Seal (448),_ which may prevent or minimize ambient air leakage between the 

Distal Cylinder Endcap (44 7) and the Piston Shaft {432), e.g., ,.vhen the Distal Cylinder 

Charnber (43 7b) is evacuated. 

[01721 The vacuum pmvered mechanism 430 may also include a Proximal Cylinder 

Endcap (449),, which 1nay prevent or rninhnize tluid cmnmunication het\veen ambient <lir and 

the Proximal Cylinder Chamber (437a) in addition to providing a sealing and bearing surtl-J.Ce 
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w-ith the Piston Shaft (432} The vacuum pow-ered mechanisrn 430 may also include a 

Proximal Cylinder Endcap Seal (450), \\'hich may prevent or minimize ambient air leakage 

between the Proximal Cylinder Endcap ( 449) and the Piston Shaft (432), e,g., ·when the 

Proximal C~_Ainder Chamber (43 7a) is evacuated. 

10l73J The piston shaft 432 may seal against the endplates or endcaps 447,449 or shuttle 

block 451 to prevent or minimize loss of vacuum to ambient air 422. Also, various seals 

known to person of skill in the art may be utilized to seal the piston shaft against the endplates 

or endcaps 44 7, 449 or shuttle block 451. 

10174] A shuttk~ block 451 or other frame, structure, or casing may provide an outer 

stmcture for the vacuum powered mechanism 430. Ambient air 422 refers to air at 

atmospheric pressure which is located o:utside of the vacuum pm:vered mechanism. Ambient 

air 422 ma-).t also be allo\.ved t<J tlow inside various chambers of the vacuum pmvered 

mechanism during use of the mechanism as described herein. 

10175) In use or in operation, the vacuum pO\vered mechanism430 operates by a 

pneumatic mechanism, method or logic that does not require inertial mass to move the 

mechanism through transition (such as a tly\-vhet~!) and that uses an extema! or internal 

vacuum somce to provide the force to cause reciprocating motion of the piston 31 in both 

proximal and distal directions. 

[01761 For example, the vacuum port 438 may be opened to the distal cylinder chamber 

43 7b to evacuate the distal cylinder chamber 437b and ambient air is dosed to the distal 

cylinder chamber 3 7b, ·while ambient air is opened to the proximal C)"hnder chamber 437a and 

the vacuum port is dosed to the proximal cylinder chamber 437b. The Piston advances 

toward a distal position due to the vacuurn inside the distal C)rlinder chmnber 437b, on the 

distal side of the piston 43 l and the mnbient air pressure in the proxirnal cylinder chamber, on 

the proximal sidt~ of tht~ piston 431. 

(01771 As a result of the dit1erential pressure created on opposite sides of the piston 43 l, 

the Piston431 moves through the chamber and contacts the distal shuttle pin 435, causing the 

shuttle 444 to move from a proxirna! position to distal position in the shuttle chamber. As a 

result, the vacuum seal 443 on the shuttle 444 moves from the proximal side of vacuum port 

438 to the distal side of the vacuum port 38, opening the vacuum port 438 to the proximal 

cylinder chamber 437a to evacuate the proximal cylinder chamber 437a, and dosing the 
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vacuum port 438 to the distal cylinder chamber 437b. /\lso, the distal seal 441 on the shuttle 

444 opens the ambient air 422 to ·vt.~nt tht.~ distal cylinder chamber 437b to ambient pressure, 

and the proximal seal 439 on the shuttle 444 closes the ambient air vent to the proximal 

cylinder chamber 437a. 

10178) rt xnay he necessary to have adequate evacuated volmne in the distal C)lhnder 

chamber 43 7b to cause the Piston (431) to continue translating distally after the Shuttle Valve 

(443) shuts off vacuum frmn vacuum port 438 to the distal C)ilinder duunber 437b. This llli.l)i 

ensure that the shuttle 444 continues to translate in the distal direction as a result of the 

mo'ving piston contacting the distal shuttle pin and thereby moving the shuttle 444, such that 

shuttle valve 443 completely passes vacuum port 438, shutting off the vacuum to the distal 

cylindt.~r chamber 437b, in manner that avoids or minimizes valve Hutter or umvanted 

Huctuation of the valve 443 between proximal and distal positions .in the shuttle chamber. 

(0179) The piston 43 ! then reverses direction and moves in the proximal direction, due to 

the vacuum imide the proxinu1l cylinder chamber 437a, on the proximal side ofthe Piston and 

the ambient air pressure in the distal cylinder chamber 437h, on the distal side of the piston 

431. 

10180} As a result of the differential pressure created on opposite sides of the piston 431, 

the piston 431 rnovt$ through its thvell or the cylinder chamber and conta,:ts the proximal 

shuttle pin 433, causing the Shuttle 444 to move fron1 its distal position to proximal position 

in the shuttle chamber. As a result, the vacuum seal 443 on the shuttle 444 moves from the 

distal side ofthe Vacuun1 Port 438 to the proximal side of the vacuum port 38, opening the 

vacuum port 438 to the distal cylinder chamber 3 7b to evacuate the distal cylinder chamber 

437b, and closing the vacuum port 38 to the proximal cylinder charnber 437b_ Also, the 

Proximal Seal 439 on the Shuttle 444 opens the ambient air 422 to vent the proximal Cylinder 

chambt.~r 43 7a to ambit~nt pressure, and the Distal St.~al 441 on the Shuttle 444 doses the 

ambient air vent to the distal cylinder chamber 43 7b. 

10181] Again, it nul)/ be necessary to have adequate evacuated volume in the proxima! 

cylinder chamber 437a to cause the Piston (431) to continue translating proximally after the 

Shuttle Valve (443) shuts off vacuum from vacuum port 438 to the proximal cylinder 

charnber 437a. This rnay ensure that the shuttle 444 continues to translate in d1e proxhnal 

direction as a result of the moving piston contt-J:cting the proximal shuttle pin and thereby 
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moving tlle shuttle 444, such that shuttle valve 443 completely· passes vacuum port 438, 

shutting ofT the \.tat:uum to the proximal cylinder chamber 437b, in manner that a'-,roids or 

minimizes valve flutter or unwanted fluctuation of the valve 443 bet1.veen proximal and distal 

positions in the shuttle chamber. 

10182) Consequently~ the rnechanisrn has completed. one cyde and. is free to continue 

reciprocating as described above by alternating air pressure on opposite sides of the piston, as 

long as adequate vactmm is available to ihe mechan1sTn. Indeed, the above Steps rnay repeat 

as necessary such that the vacumn pow·ered mechanism creates a reciprocating motion until 

the vacuum source is disconnected, turn(~d off or if the vanmm is inadequate to overcome the 

force required to move the Piston 431. 

[01831 In certain variations of a vacuum pmvered met:hanism, a vacuum may be created 

in the '\lead space" on the distal or proximal end of the Cylinder that is adequate to cause the 

Piston to continue moving distally or proximally after the external vacuum source is shut off 

from the Cylinder. The '"dead space" vohnne in the proximal or distal end of the Cylinder 

serves as an "accumulator" that encourages the Piston to continue moving distally or 

proximally thereby eliminating the need for mass to create inertia to move the valve through 

transitions from one state to another. 

10184) rn another \.tariation, a method of redm.:ing pneumatic valve instability or Huner 

caused by the valve or Shuttle attempting to move back and forth between states includes 

exposing one side of the shuttle valve to the vac1Jm11 source and the opposite side of the 

shuttle valve to ambient air. This may cause the shuttle valve to move in the direction ofthe 

vacuum and vvi!l more fully open the port connecting the ambient air to the Cylinder. 

10185) The reciprocating motion of the rnechanisrn Hla\' be utilized to actuate a cutting 
~ - ~ 

device or to operate or actuate another device, e.g., another medical dev'ice. ln certain 

variations, cutting device may be positioned by maneuvering a t1exibk~ or rnalleable shaft of 

the device e.g., manually or automatically. The shaft may be maneuvered or positioned 

mound sensitive tissues or structures in the human body by changing the shape of the shaft. 

For example,, extending or retracting an outer sheath or cannula on the shaft or adva:neing or 

retracting the shatl relative to the outer sheath, thereby allmving improved maneuverability of 

the shaft around structures or within confined spaces may be performetl e.g., alk1\ving a 

shaft's predetermined curvature to position the distal end of the shaft near a target site. Such 

40 



wo 2012/003383 PCT/US2011/042686 

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

ll/848,565, 11./848,564, and 11/848562, each of\vhich is incorporated herein by reference in 

their entirety for an purposes. 

(01861 Fmiher describing operations of a variation of a mechanism as illustrated in Figs. 

4A-4B, the shuttle 444 xnay stmt in the proximal or distal positions. In certain variations, a 

small spring (not shmvn) may be used to position d1e piston and,ior the shuttle component in a 

particular start.ing position. 

(01871 Fig. 4A sho\vs the shuttle 444 starting in the proxima! positiOTL When external 

'vacuum is applied to the mechanism through the V~K:uum Port (438), th~ Shuttle Valve (443) 

is on the proximal side of the Vacuum Port (448) \vhich results in evacuation of the air in the 

Distal Cylinder Chamber (437b), the Distal Shuttle Pin Slot (436), and the Distal Shuttle 

Chamber (446). Consequently, the differential pressure on the proximal and distal. sides of 

the Piston (431) causes the piston to move distall)'. 

101881 The vacuum may appl.y a force greater than the tiictional forces acting on the 

Piston in addition to the forces required hy the mechanism to pertbrm \vork. 

[01891 As the Piston (431) nwves distally, it contacts the Distal Shuttle Pin (435) and 

moves the Shuttle (444) distally, As a result, the Shuttle Valve (443) closes off the Vacuum 

Port (438) to the distal sidt~ of tht.~ mechanism. 

[01901 It may he necessary to have adequate evacuated volurne on the distal side of the 

chamber or in the distal cylinder chamber 437b to cause the Piston (431) to continue 

tnmslating distally after the Shuttle Valve (443) shuts offvacmun to the distal side ofthe 

mechanism or to the distal cylinder chamber 437b. 

10191) As the Shuttle (444) rnoves distally, the Distal Ambient Air Seal (441) opens to 

a!lo\\' ambient air from outside of the mechanism to t1m.v into the distal side of the mecha.nism 

and Hll the t~vacnated volume including the Distal Cylinder Chamber (437b), the Distal 

Shuttle Pin Slot (436), and the Distal Shuttle Chamber (446). Additionally, the Proximal 

Ambient Air Seal (439) doses and the Shuttle Valve (443) opens tht~ vacuum port 438 to the 

proxi1na! side of the mechanism amilor to the proxilnal cylinder chamber 437a. 

[01921 The Shuttle V'ah·e (443) moves to the distal side of the Vacuum Port (438} \vhich 

results in evacuation ofthe air in the Proximal Cvlinder Chmnber (437a), the Proximal Shuttle 
~ - ' . 

Pin Slot (434), and the Proxima! Shuttle Chamber (445)_ Consequently, the differential 
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pressure on the proximal and distal sides of the Piston ( 431) causes the piston to move 

proximally. 

(01931 As the Piston (43 l) moves proximally, it contacts the Proximal Shuttle Pin (433) 

and moves the Shuttle (444) proximally. As a result, the Shuttle Valve (443) closes off the 

Vacuum Port (438) to the proximal side ofthe Tnechanisrn or to the proximal Cjrlinder 

chamber 437a. 

[01941 It may be necessary to have adequate evacuated volume on the proximal side of 

the chamber or in the proximal cylinder chmnber 43 7a to cause the Piston (43 I) to continue 

translating proximally after the Shuttle Valve (443) shuts otf\"acuurn to the proxima! side of 

the mechanism or to the proximal cylinder chamber 437a. 

[01951 As the Shuttle (444) moves proximally, the Proximal Ambient Air Seal (439) 

opens to allow ambient air from <Jutside of the .rnechanism to How into the proximal side of 

the mechanism and fill the evacuated volume induding the Proximal Cylinder Chamber 

(437a), the Proximal Shuttle Pin Slot {434), and the Proximal Shutt!.e Chamber (445). 

Additionally, the Distal An1bient Air Seal (441) doses and the Shuttle Valve (443) opens the 

vacuum port. 8 to the distal side of the mechanism and/or the distal cyllnder chamber 437b. 

10196} The Shuttle Valve (443) is on the proximal side of the Vacuum Port (438) \\··hich 

rt.$ults in tlw met:hanism being returned to the starting position dt.$t:ribed abtv-/e. 

Consequently, the mechanisrn has completed one cycle and is free to continue reciprocating 

as described above as long as adequate \racuum is availabl.c to the mechanism. 

(01971 Figures 5A~5B sh<JW another variation of a vacuurn po\.vered mechanism 560 or 

motor including a spring retum mechanism. Fig. SA sho"vs the mechanism with a Piston 561 

in a staxting or proximal position, and Fig. 5B shrnvs the tnechanisln '>'Vith a Piston 561 in a 

distal position. 

(01981 Referring to Figure 5A-5R the vacmun po\vered mechanisn1 560 indudes a piston 

561 having a piston shaft 62. The piston 561 including at least a portion of the piston shaft 

562 me positioned within a cylinder chamber 58 I. The piston 561 divides or separates the 

cylinder chamber 581 into a proximal cylinder chan1ber 581 a and a distal cylinder charnber 

581 b. ·rhe piston 561 1nay reciprocate distally •vithin the cylinder chamber 581 v,.chen the 

distal side of the piston 561 is evacuated or when distal cylinder chamber 581 h is evacuated. 

Ambient air may be or may always be present on the proximal side of the piston 561 or in the 
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proximal cylinder chamber 58la. C:ylinder chamber 581a may he open to ambient air or may 

ahvays be opt~n to ambient air. The piston shaJl 565 may rt~ciprocatt~ along \Vith the piston 

56 I, and tile rec.iprocating piston shaft 565 may conduct reciprocating motion output The 

piston shaft tna)' serve to transmit the motion fi·om d1e piston as the mechanism output 

10199) A shuttle 562 may be connected to the Piston {561) and the shuttle 562 ma_y 

reciprocate along ''vith the Piston 56 t. The shuttle 562 may be positioned in a shuttle 

charnber. The shuttle includes a proxirnal seal 11ange 563 \Vhich rnay he integral to the shuttle 

562 andior extend radiall.Y therefrom. The seal tlange 563 pro-vides a seal betv .. ··een the 

Ambit~nt Air Conduit (574) and the Distal Cylinder Chamber (581 b) when the Distal Cylinder 

Chamber (58Ih) is evacuated. Proximal Seal Flange 563 may also contact a Proximal Stop 

Pin (580) to stop the proximal movement of the Shuttle (562). 

[0200} The shuttle may also include a shuttle valve 564, \vhich may be integral to the 

shuttle and/or may extend radially therefrom. The shuttle valve 564 may separate or divide 

the shuttle chamber into a proximal shuttle chamber 588, on the proxirnal side of the valve 

564, and a vacuunl shuttle chamber 583 on the distal side of the valve 564. The Shuttle Valve 

.564 provides a seal, whi<.:h n1a).r seal, e.g., against the shuttk~ block 578, to the distal or 

proximal side of the distal conduit 572. The shuttle valve 564 may provide a seal to the 

proximal side of the distal conduit 572 to opent.he distal conduit 572, and the distal cylinder 

chamber 581 b, to a vacuum port 575 to allow the distal cylinder charnber 581 b to be 

evacuated by communicating \'Vith au external vacuum supply. 

102011 The shuttle valve 564 Inay also prov·ide a seal. io the distal side of the distal conduit 

572 to open the distal conduit 572, and the distal cylinder chamber 581 b, to an ambient air 

conduit 574 to alknv the distal cylinder chmnber 581 b to be open to atnbient air. 

[02021 The piston shatl: 565 may be integral to the piston 61 on the proximal end of the 

piston shaft 565 and inwgral to the distal piston shaft 5 70 (i.e., th~ exwrnal portion of the 

piston shatt 565 located at the distal end of the piston shaft 565 .. A Shuttle Return Surface 

(566) is Integral to tht~ Piston Shaft (565) and serves to contact tht.~ distal end of the Shuttle 

(562) to nwtivate it pro.xirnally when the Piston 561 and piston shaH 565 are translating in the 

proximal direction. 

[02031 The piston shaft 565 may also include a Distal Seal Flange (567), which nla)l 

extend radially therefrom. The distal seal flange 567 may seal ambient air in the return spring 
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chamber 584, sealing off the return spring chamber 584 from the shuttle vacuum charnher 

583. The distal seal Hangt~ may also provide a. surt)lce for a Return Spring (568) to act upon 

to motivate or translate the Piston Shaft (565) proximally or in the proximal direction during a 

return stroke. 

10204) A Retum Spring (568)" is positioned in the return spring chamber 584 and stores 

mechanical energy b)r compressing during the distal stroke of the mechanism,. i.e., \Vhen the 

piston and piston shaft are moved in the distal direc.tion. The Jnechanical energy is released 

when the Return Spring 568 motivates the Piston Shaft 565 proximally during the return 

stroke of the mechanism. 

[02051 The mechanism 560 may include a Distal End Plate (569) \vhich serves as a distal 

stop f()r the Return Spring (568). 

[0206} The medumisn1 560 may also include various conduits. A Proximal Conduit (571) 

ma:y provide a connection or conduit for fluid communication between the Distal Cylinder 

Chamber (58 .1 b) and a Parallel Conduit (573). A Distal Conduit ( 572), as identified above, 

may provide a connection or conduit for fluid communication between the Proxima! Shuttle 

Chamber (588) and the Parallel Conduit (573). The Parailel Conduit (573) rnay provide a 

connection or conduit for .tluid communication betw·een the Proxirnal Conduit (57 t) and the 

Distal Conduit (572} The Ambient Air Conduit (574) may prov·ide a wnduit to alluw 

ambient air to vent proximal shuttle chamber 588 and Distal Cylinder Chamber (58lb) 

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

102071 The Vacuum Port (575) connects the mechanism to an external vacuum source and 

evacuates shuttle vacuum chamber 583 and may evacuate distal cylinder chamber 581 b 

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

[02081 The mechanism 560 may also include a Return Spring Vent (576) \vhich vents the 

Return Spring Chamber (584) to ambient air to tnaintain an1bient air pressure in the RNnrn 

Spring Chamber (584) as the chamber changes volume due to compression and extension of 

the Return Spring (568). The Return spring chamber 84 contains the return spr1ng 68. The 

return spring chamber 84 may be or 1nay ahva)''S be at ambient pressuxe via the return spring 

vent 76. 
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[02091 A Distal Parallel Conduit (77) 1nay also be provided. The distal parallel conduit 

77 may be an ArtihKl from machining tht.~ mechanism Block (78) and the Distal Parallel 

Conduit 77 may be plugged at the d1stal end prior to use. 

(02101 A mec.hanisn1 block 578 or other frame, structure, or casing may provide an outer 

structure for the vacmun pmvered rnechanisrn 560. l\n1bient air 522 refers to air at 

atmospheric pressure which is located outside of the vacmun pm.vered mec.hanisnL Ambient 

air 522 may also be allo\ved to flow inside various chambers of the vacuum pmvered 

rnechanism during use of the rnechanism as described herein_ 

(0211] A Distal Stop Pin (579) providt~s a distal stop for the Shuttle (562) by preventing 

distal translation of the Shuttle (562) beyond the location of the distal stop pin 579. 

[02121 A Proximal Stop Pin and Ball Plunger (580) may provide a proximal stop for the 

Shuttle (562) \Vhen in contact \Vith the Proximal Seal Fl.ange (563} The Ball Plunger 

provides normal force on the Shuttle to increase the force required to translate the shuttle 

laterally thereby reducing or eliminating the likelihood of valve "flutter" or unwanted 

t1uctuation of the valve 564 het<.:veen proximal and distal positions in the shuttle chamber 

relative to distal conduit 571. 

10213} The Distal Cylinder Chaniber (58lb) alternates between vacuurn and ambient 

prt.~ssure to motivate lht~ Piston (56!) distally \vhen the Distal Cylinder Chamber (581b) is in 

vacuum and. to alltw,r the Retum Spring (568) to motivate the Piston Shaft (562) and/or piston 

61 proxima II)-' '-'Vhen the Distal Cylinder Chamber 581 b is at ambient pressure. 

102141 The Proxinutl Shuttle Chamber (588) may be at ambient pressure or may always 

be at ambient pressure. The Shuttle Vacuum Chamber (583) may be evacuated or may 

always be evacuated v,..-hen an external vacumn source is connected tn the Vacuum Port (575). 

[02151 In use or in operation, the vacuum pmvered mechanism 560 operates hy a 

pneumatic. mechanism, n1ethod or logic \Vhert.~hy· a v~K:uum mechanisrn valve st.~quen(:e 

includes shutting off the vacuum source trom the distal cylinder chamber 81 b or the 

mechanism to allow t11e piston to return to its home position '-Vithout venting the ·vacuum 

somce to mnbient pressure. As a result, the vacuun1 pressure reJnains consistent in the cutting 

and evacuation system portion of the de·vice. The pneumatic. mechanism, rnethod or logic for 

a piston systen1 that does not require inertial mass to Jnove the rnechanisrn through transition 

(such as a flY'"iheel) and that uses an extemal or internal vacuum: source to prnvide the f(.xce 
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to cause reciprocating motion in one direction and a return spring to provide the ll1rce to cause 

reciprocating motion in the reverse diret:t.ion may include the following steps_ 

(02161 For exan1ple, a vacuum may be open to the distal Cylinder chmnber 581 b while 

ambient air is dosed to that chamheL The Piston 561 advances in the distal direction,. tm.vard 

a distal position due to the vacuun1 inside the distal cy'linder chmnber 521 b ami mnbient: 

pressure in the proxi1nal cylinder chamber 5 81 a, on the proximal side of the Piston 561 _ 

Distal advancexnent of the Piston 561 cornpresses the Cmnpression Spring 568, vvhere the 

vacuum three should or rnay he great enough to overcon1e friction in order to compress the 

Compression Spring 568, 

[02171 \\/hen the piston 561 mo"'es, the piston 561 contacts Shuttle 562 and advances the 

Shuttle 562 such that the shuttle valve 564 cuts off the vacuum to the distal C:ylinder chamber 

581 b and the Compression Spring 568 continues to compress as the Piston 561 advances in 

the distal direction, Piston 561 may continue to advance distally (e.g,, even after the vacuum 

is cut off to distal cylinder chamber 58lh) due to evacuated volume on the distal side of the 

C)-'hnder i11 the distal cylinder chamber 581 h, which should or may be great enough to 

overcome friction and to continue compressing the Compression Spring 568 and advancing 

the shuttle 562 to allm'\-' ambient air to t1o\\.-· into the distal cylinder charnber 581 b by opening 

distal (:onduit. 572 and distal cylinder chamber 58lb to ambk~nt air conduit 574. 

[02181 The Piston 561 may retract in the proximal direction to a proximal position due to 

the force of the Compression Spring 568 and a loss of vacuum in the distal cylinder chamber 

58lb resulting JJ-om an1bient air tlo\ving into the distal cylinder chamber 58lb. The Piston 

Shaft 562 contacts the Shuttle and moves the shuttle in a proximal direction, thus cutting otT 

ambient air conduit 574 and axnbient air tlm:v to the distal Cy·linder charnber 581 b_ The Piston 

Shaft 562 continues rnoving fhe Shuttle 562 proximally, eventually opening the distal conduit 

572 and distal cylinder chamber 581b to vacmm1 port 575 such that the vacuum wnne(:tion is 

open to the dista] cylinder chamber 58 lb. 

10219] Tht~ mechanism is free to continue reciprocating as described above by creating a 

pressure diflerential on opposite sides of the piston as long as adequate vacuuJn is available to 

the mechanism. The above steps may repeat as necessary such that the vacuum powered 

nwtor creates a reciprocating motion unless or until the vacuwn source is disconnected, 

turned of:C or if the vanmm is inadequate to overcome the tbrce required to compress the 
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Compression Spring and overcome the internal fiiction or if the mechanisn1 is stalled or 

halted. 

(02201 ln cenain varbtions, l~nemnatic valve instability or t1utter caused by the shuttle or 

shuttle valve attempting to move back and forth bet\veen states, or het\·veen proximal and 

distal positions relative to distal conduit 572, may' be reduced or eliminated by exposing one 

side of the shuttle valve 564 to the vacuum source and the opposite side of the Shuttle valve 

564 to ambient air. This will cause the Shuttle or shuttle valv·e to tnove in the direction of the 

vacuum and \viH more fully open the distal conduit 572 to the ambient air conduit 574, 

thereby connecting tht~ ambit~nt air to the distal Cy'lindt~r chambt~r 581 b. 

[02211 In certain variations,. a small normal ft1rce may he imparted on the Shuttle 562 to 

hold it in place to o'vercome unintended movement t'<lused by friction against the Piston Shaft 

565 or valve Hutter caused by valve instability. This small norTnall()rce may be imparted in 

the form of a ball plunger. 

102221 In certain variations of a vacuum powered mechanisrn, an adequate volume is 

evacuated on the distal end of the Cylinder or fh)m the distal cylinder chamber to cause the 

Piston to continue moving distally after t11e external vacuum source is shut off from the distal 

Cy·!inder chambeL The evacuated volume in the distal Cylinder chamber serves to encourage 

the Piston to continue moving distally aHt.~r the extemal vacuum source is shut off ft-om the 

volume of the distal cylinder chmnber, thereby eliminating the need for inertial mass to move 

the valve through transitions from one state to another. 

102231 The reciprocating nwtion of the mechanism may be util.ized to actuate a cutting 

device or to operate or actuate ;:mother de'lice, e,g., another medical device. In certain 

variations, cutting device may be positioned by maneuvering a Hexihle or malleable shaft of 

the device e.g., manually or automatically. The shaft n1ay be maneuvered or positioned 

around sensitive tissues or stmctures in the hmnan body by changing tht~ shape of the shaft. 

For example, extending or retracting an outer sheath or cannula on the shaft or advancing or 

rt~tracting the shaft relative to the outer sheatll, thereby ailo\·ving improved maneuverability of 

the shan axound structures or \vithin confined spaces tnay he perfonned, e.g., allc!\ving a 

shaft's predetermined curvature to position the distal end of the shaft near a target site. Such 

n1echanisrns,, techniques and devices include those described in US Patent /\pplication Nos. 

47 



wo 2012/003383 PCT/US2011/042686 

11/848,565, ll/848,564, and ll/848,562, each of \vhich is incorporated herein by reference in 

their entirety for all pur}JOses. 

(02241 F mther describing operat1ons of a variation of a mechanism as illustrated in F1gs.. 

5A-5B, Fig. 5A shmvs a starting position for the mechanism •vith the Piston in a proximal 

position due to extension of the Retum Spring (568). 

[02251 \\lhen external vacuum is applied to the mechanism through the Vacuum Port 

(575), the Shuttle Valve (564) is on the proxirnal side ofthe Vacuum Port (75) and on the 

proximal side of the Distal Conduit (572). As a result, the vacuum 1s able to Huidly 

communicate \:><iith the Distal Cylinder Chamb,~r (581 b) \~'hkh results in evacuation of the air 

in the Distal C)rlinder Chamber (58lh). Consequently, the difterential pressure on the 

proxima! and distal sides ofthe Piston (561) causes the piston to move distally. 

(0226} As the Piston (56.1) moves distally, 1t compresses the Return Spring (568) thereby 

storing mechanical energy. The Proxima! Shuttle Seal (563) prevents leakage of ambient air 

into the D1stal Cylinder Chan1ber (58] b). The Shuttle (562) '\hvdls" in position until the 

Piston (561) contacts the Shuttle (562) and motivates it in the distal direction. The Shuttle 

Valve (564) then closes oflthe Vacuum Port (575) to the Distal Conduit (572) thereby 

shutting off vacuum to the Distal Cylinder Chamber (58lb). 

10227) rt may be net:essary to have adequate evacuated •··olunw on th~ distal side of the 

chamber in the distal cv·linder chamber 58lb to cause the Prirnarv Piston (561) to continue 
~ ~ . . 

translating distally after the Shuttle Valve (564) shuts off vacmm1 to the distal conduit 572 

and the distal. C)''linder chamber 581 b. 

(0228) As the Distal Cylinder Chamber (581) refills with ambient air, hom ambient air 

conduit 574 via distal conduh: 572 (\.vhich is nmv open to mnbient air conduit 514 as shmvn in 

Fig. 5bi, the Retum Spring (568) 1notivates the Piston Shat1 (565) proximally, The Shuttle 

"dvveHs" in position until the Shuttle Return Surface (566) on the Piston Shaft (565) contacts 

the Shuttle (562) and motivates the Shuttle (562) in the proximal direction. 

102291 Tht~ Shuttle Valve (564) moves frotn the distal side to the proximal side of the 

Distal Conduit (572) thereby opening the distal conduit 572 to the Vacuum Port (575) to 

evacuate the Distal Cylinder Chamber 581 b). 
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[02301 The Shuttle (562) and the Piston 561 return to their proximal (starting) position 

and the nx~chanism has t:ompleted one cyde and is free to \::ontinue re6procating as described 

above as long as adequate vacuum is available to the mechanism_ 

(02311 in any of the variations of vacuum pO\vered mechanisms described herein, 0-rings 

or other sealing components rnay he used to create a seal between surtl~ces but are not 

necessary· if leakage around the seals is tolerable. Also, leakage around the seals may he 

reduced by using a lubricant of suftkient viscosity to -nn the gap between the seal and the 

bore in \·vhich it operates, 

(0232] Tht~ Shuttle may be configured in several positions including con(:entric with the 

Center Shaft, parallel to the Center Shaft, as a rotary valve, and so tbrth. 

[02331 The vacuum pmvered mechanisms described herein may be utilized \Vith or 

incorporated into a variety of medical devices. For example, the vacmm1 p(J\.v·ered 

mechanisms may be utilized to reciprocate a cutter on a distal end of a malleable shaft which 

may be manipulated or adjusted manually or automaticaHy or a flexible shaft: having a 

predetermined curvature which is manipulated through advancement or retraction through a 

cannula or other sheath as 1Uustrated and described in US Patent Application Nos. 

ll/848,565, 11 /"848,564, and 11 /'848,562, each of\vhich is incorporated herein by reference in 

their entirety for aH purposes. US Patent Applk:ation No. 6Li360,429 is also incorporated 

herein by reference in its entirety for alI purposes. 

[02341 In certain variations of a de',.rice having a curved flexible shaft, a rigid or semi-rigid 

straight sheath may be assembled or connected lo the device to cause the curved, flexible 

portion of the shaft to straighten as the sheatl1 is advanced over the curved section or to cause 

the curved, Hexible portion of the shall to return to its curved shape as the sheath is retracted. 

[02351 In other variations, a rigid or semi-rigid cuJved sheath may· be assembled or 

connected to a device or end effector having a shatt x:vith a curvt~d, flexible portion to direct 

the shaft as it is advanced through the curved sheath. 

(0236] rn other variations, a rigid or semi-rigid curved sheath may be assembled or 

connected to a device or end effector having a shaft. \\dth a stxaighL. f1exible portion to direct 

the shaft as it is advanced through the curved sheath. The rigid or semi-rigid curved or 

straight sheathes may be assembled, connected, attached to or othenvise utilized with the 
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cutting device. The various sheaths 1nay be detachable n~on1 the devices or end effectors or 

affiH~d or attached to the devin.$ and or t.~nd dlectors. 

(02371 ln cenain varbtions, the vacuum pmvered mechanisms described herein may also 

be utilized to reciprocate or actuate a reciprocating cutter of a device or end ei1ector or to 

operate a device having a semi-rigid or rigid, curved end eH'ector or a rigid or stifT shaft A 

cutter, end effector and .. ior device may be operated by vacuum pmvered mechanisms or other 

n10torized mech<misms or by hand. 

(02381 Fig. 6 shows one variation of a rigid. curved end e!Tector 4.0 or distal end of a 
~ - . 

dt.~vice. The t~nd effector 4.0 may include a scraping edge 4. L, a ,:vindmv 4.6, a redprocating 

cutter 4.2., and/or a blunt distal tip 4.5. The end eftector 4JJ may also include a rigid shaft 

4.7. The rigid shaft 4. 7 may have a shaft curvature section 4.3 and ...... or a shaft straight section 

4.4. In certain variations, a .fluid Line 4.8, e.g., a saline llne, may be attached to the end 

effector 4.0 or extend along or within the end effector 4.0, In certain variations, the end 

etTector, distal end of a dev'ice, and.ior shaft m.ay be rigid, stiff, substantially rig1d, or semi 

rig1d. 

[02391 The end effector 4.0 may be a component of a device, e,g,, a cutting de\'·ice or 

medical device. The end et1ector 4.0 may be positioned at a distal end of a cutting device or 

dt$igned for use or attachment to a cutting (kvke, medical device, or other device. The end 

effector 4.0 may he useful tor various procedures requiring cutting and/or scraping of a 

variety of tissues including soft and hard tissues. 

102401 The Scraping Edge 4.1 .is typically .tnade tiom a rigid materiaL e.g., Stainless Steel, 

which may Vlithstand cutting forces W'itl1out substantia!.ly bending or deflecting the scraping 

edge 4.1. Other materials 1nay he used as warranted by the desired clinical application. In 

certain variations, a semi¥rigid material may be used. The Scraping Edge 4.1 may be used to 

cut or scrape 'i>arious soft and hard tissues, such as intradiscal nuckus tissue, Vertebral End 

Plates. cartilage,. ligament. bone, and other soft and hard tissues, The Scraping Edge 4, J may 

bt~ used to cnt tissue frt~e and/or to mobilize the tissut.~ for evacuation through the \:Vindow 4.6 

and through a lmnen of the rigid shafl4_7. The tissue may be e\iacuated to a Filter or 

collection receptacle, 

[024.11 The Scraping edge 4. I xnay he affixed or attached to the rigid shaft 4.7 at <my 

angle relati·ve to the longitudinal axis of the Rigid Shaft 4.7. For example, the scraping edge 
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4.1 may be affixed or attached to the Rigid Shatl4.7 at a an angle ranging from or bet\veen 0 

to 180 degrees or 0 to 90 degret.$ 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 otherv,.cise attached to the 

Rigid Shafl: 4.7 in a position that is perpendicular or substantially perpendicular to the axis of 

the rigid shatl. 4. 7. 

[02421 \-\lhere the Scraping Edge 4.1 is rigidly affixed to the Rigid Shaft 4.7 as shm.vn in 

Figure 6, the cutting and scraping actions of the scraping edge 4.1 may be accomplished by· 

the operator tnanuall_y moving the Scraping Edge 4.1 through rnanual rnovement of the rigid 

shaft 4.7 or the t~nd eftector 4.0 or a (:omponent thert~of Optionally, the cutting and scraping 

actions ofthe scraping edge 4.1 may.' be accomplished automatically or hy rnotorized 

movement or operation of the rigid shaft 4.7 or the end effector 4.0 or a component thereof 

[0243} ln certain variations, the Scraping Edge 4.1 may be affixed or attached to the 

Reciprocating Cutter 4.2, e.g., external to tlie Rigid Shaft 4. 7, such that the scraping edge 4.1 

can reciprocate in concert with the cutter (not shown). The scraping edge 4.1 may be affixed 

or attached to the re.:iprocating cutter 4,2 at any angle relative to the longitudinal axis of the 

Reciprocating Cutter 4..2. For example, the scraping t~dge 4.! may be anixed or attached to 

the Reciprocating Cutter 4.2 at a an angle ranging from or between 0 to 180 degrees or 0 to 90 

dt~grt~es relative to an axis oftht.~ Recipn.K:at:ing Cutter 4.2. In certain variations, the Scraping 

Edge 4.1 may be affixed or othervvise attached to the Reciprocating Cutter 4.2 in a position 

that is perpendicular or substantially perpendicular to the axis ofthe Reciprocating Cutter 4.2. 

102441 The Scraping Edge 4.1 may be positioned at a location distal to the Window 4.6 

and! or the s<.:raping edge 4.! may be predominately al.igned with the \\lindO\:v 4.6 and.ior 

positioned on the same side of the Rigid Shaft 4.7 as the Vihndmv 4.6. The Scraping Edge 4.1 

may· be positioned distal or proximal to the Vlindm.v 4.6. Optionally, the scraping edge 4.l 

may have t~xposed scraping surfaces at any location around tht~ periphery of the Rigid Shaft 

4. 7 or reciprocating cutter 4.2. 

102451 rn certain variations, the end effector 4.0 may be built \Vithout a Scraping Edge 

4.1. Indeed, an end effector 4.0 may or nmy not include a scraping edge 4.1 depending on the 

desired clinical application. In certain variations, one or more scraping edges may he 

positioned on an end effector, e.g." a plurality of scraping edges may be positioned on an end 

effector. 
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[02461 Still referring to Fig. 6, the Reciprocating Cutter 4.2 may be positioned on the end 

effector 4.0 such that the nxiprocating cutter 4.2 may advance and,.ior retrat:t axially past the 

\Vindmv 4.6 to excise and evacuate tissue or mobilized tissue. The Reciprocating Cutter 4.2 

may use a "scissor"' action against the window 4.5 or against a section of the rigid shaft 4.7 to 

excise tissue. 

[02471 The \\/indO\\' 4.6 is an opening in the Rigid Shaft 4. 7 that permits the passage of 

tissue into the windo\v 4.6 and into the path of the Reciprocating Cutter 4.2 such that the 

tissue can be cut and.ior evacuated. The \Vindow 4.6 or at least a portion of the perimeter or 

an edge of the \Vindow 4.6 may serve as a cutting edge to "plane" tissue and excise the tissue. 

Additionally, an edge .of the Windmv 4.6 may provide a surtace \Vith \Yhich the Reciprocating 

Cutter 4.2 ma~l scissor tissue as the reciprocating t:utter 4.2 passes by the \Vindmv 4.6. 

[0248} The Reciprocating Cutter 4.2 may be po\.vered or actuated b)" any ofthe vacuun1 

po\vered mechanisms described herein. Alternatively, the reciprocating cutter 4.2 or end 

etTector may be actuated through a mechanism that is po\vered by hand or by other motorized 

mechanisms. In certain var1ations, a rotating cutter may be utihzed and pm.vered by any of 

the vacuum po\vered mechanisms described h~reitl, by hand or by other motorized 

mechanisms. 

10249) Tlw Rigid ShaH 4.7 may serve as the primary strnctme and/or outer envelope of 

the shaft of a device or cutting device to \vhich the end efTector is attached_ The Rigid Shat1 

4. 7 may be curved or straight or the rigid shaft 4.7 may include curved and/or straight sections 

or portions. In certain variations, the rigid shall 4.7 may be malleable to al!mv an operator or 

user to adjust or revise the curvature of the shaft 4.7 depending on the application or use. For 

example, the rigid shaft 4.7 may be hendable or the rigid shaft 4. 7 tnay he annealed or 

sotlened in order to alter the shape or curve of the rigid shaft 4.7 by hand or machine_ The 

rigid shaft may be annealed over the bendable portion of its length and hard near the distal 

extremity to reduce the likelihood of bending or damaging the shatt near the cutting \vindmv. 

10250] As sho\vn in Figure 6, a Shaft Curvature section 4.3 may be provided in the rigid 

shaft 4. 7. The rigid shaft may include one or tnore shaft cuniature sections. The shaft 

curvature section 4.3 allow·s the operator to position the end em~ctor 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 outside of the line-of-sight of the user. For example, the shaft curvature section 4.3 
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may· alkn-v the end effector 4.0 to be positioned within an intradiscal space. The radius of 

curvature of the rigid shaft 4.7 or the shatl curvature sec:tion 4.3 may b~;.~ dewrmined during 

manufacturing or it may be operator-adjustable. 

(02511 The rigid shaft 4.7 may also include a Shaft Straight Section 4.4 which rnay be 

located proximal to the Shat1 Curvature section 4.3. The dgid shafl. rnay· include one or n1ore 

shafl: straight sections. 

[02521 A Bllmt Distal Tip 4.5 rnay be provided on the end effector 4.0. The blunt distal 

tip 4.5 may significantly reduce, minimize or eliminate the likelihood of the end effector 4.0 

or distal end of a deviu~ accidentally being advanced through or into tissue which is not the 

intended target For example, the blunt distal tip 45 may reduce the likelihood or minimize 

the risk of the end effector 4.0 or distal end of the device being ach·am.:ed through an annulus 

when the end effector 4.0 of a device is being used to cut .inira-discal nucleus or for scraping 

and! or evacuating ·vertebral endplate material. The blunt distal tip 4.5 may cover all or a 

porbon of the distal surfltee of the Scraping Edge 4 .1. [n variations where tl1e entire distal 

surface or substant1ally the entire surface of the Scraping Edge 4J is covered \Vith the Blunt 

Distal Tip 4.5, the Scraping Edge 4.1 may cut and/or scrape only \Vhen n10'led in the proximal 

direction or a lateral direction and not \vhen moved in the distal direction. In other variations 

\\-'here the t~ntire distal surface or substantially an of the distal surf~1ce of the Scraping Edge 

4.1 is covered with the Blunt Distal Tip 4.5, the Scraping Edge 4.! may cut and/or scrape in 

the distal direction or it may cut andior scrape in the distal direction in a limited manner. 

102531 ln certain var1ations, a lluid line 4.8 may be affixed or attached to lhe extema! or 

outside surface of the Rigid Shaft 4.7 as shO\!i-'11 in Figure 6. Optionally, the f1nid line 4.8 may 

be contained inside t11e Rigid Shafl4.7 by a separate lumen \-vit.hin the rigid shaft 4.7 or by 

allO\\'ing fluid to flo\v through the main shaft h.nnen. The tluid Line 4.8 aHow·s t1uids, e.g., 

saline, -v...-akr, air, etc., to flow from a source of fluid exwrnal or internal to a. devke to the 

distal end ofthe end effector or the distal end of a device or cutting device. 

(02541 A scraping edge 4< l ma)-' be provided or locatt.~d on an end effector 4.0 having a 

rigid shatl 4. 7, v,..-here the rigid shat14. 7 and scraping edge 4.1 aHrn:v side or axial forces to be 

applied to the rigid shaft, scraping edge, end effector and/or to a device attached to the end 

effector to effect scraping or cutting of tissue in a vertebral disc or tissue in <ltmther area of the 

anatomy, \vhile minimizing or preventing deflection or bending of the end effector,_ shaft or 
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scraping edge. A rigid end effector having a rigid shaft and/or scraping edge may permit or 

provide d'f(~ctive scraping and/or cutting of a target tisstK~. Optionally, a scraping edge may 

be positioned on the distal end of a t1exible, semi-rigid or less rigid shaft or end effec.tor and 

side forces may be applied to the scraping edge and shaft to ei1ect scraping. ln any of the 

above variations, axial advancexnent and retraction of the scraping device and/or end effector 

may result in the scraping or breaking up of tissue, such as vertebral disc tissue. Optionally, 

one or more scraping edges may be positioned acliacent to the cutting window to position the 

scraping edge nearly perpendicular to the direction of motion •v·hen a curved shaft is usecL 

10255] rn certain variations, an apparatus for scraping tissue in a. subject is provided. The 

apparatus includes an end effector. The end effector includes a scraping edge positioned on a 

distal end of the end ei1ector and one or more scraping wings, edges or protrusions positioned 

at an angle relative to the scraping edge such that the end etlector ma)i be actuated in a back 

and fOrth motion approximately perpendicular to tht~ s<.Taping edge to scrape or gather tissue, 

and/or actuated in a back and forth motion approximately perpendicular to the scraping vvings 

to scrape or gather tissue. The scraping wings may serve to collect tissue at the cutting 

\Vindo\v opening to improve resection. 

10256} ln certain variations, the end effector may include a scraping edge positioned on a 

distal t.~nd of the end. effi~ctor and om.~ or more scraping ·wings positioned at an angle relative to 

the scraping edge such that the scraping edge and scraping w·ings can provide a scrapmg 

motion in different directions. 

102571 Fig. 7 shows another variation of an end effector 704 or distal end of a cutting or 

scraping device. The end eflector 704 may· indutk~ a scraping edge 701, a \Vindo\\' 706, a 

reciprocating cutter 702, and.ior a hhmt distal tip 705. The reciprocating cutter Jnay be 

positioned \Vithin the end effector. The end effector 704 may include a rigid or t1exible shaft 

707. The end effh.:tor may include one or mon.~ wings 708 positioned at an angle to the 

scraping edge 701, e.g.,_ such as but not necessarily next to the window 706. The \vings 708 

may be used to scrape, gather and.i.{)r cut tissue. 

10258) \Vings 708 may be positioned on the end effector at an angle relative to the 

scraping edge 701. For example, the \Vings 708 may be positioned at an angle ranging frorn 0 

to 90 degrees, e.g. at about 90 degrees, relative to the scraping edge 701. The wings 708 are 

positioned at an angle relative to the scraping edge 701 such that in use, the scraping edge 701 
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and \·vings 708 may· \"vork or scrape tissue in different directions. The end effector 704 may be 

used to cut or scrapt~ a variety of tissues in various rt~gions of the body. For example, the end 

effector may he utilized to cut, scrape and! or gather tissue in a spine or spinal disc, e.g., to 

perffm11 a discectomy. 

10259) rn the variations described herein, the dimensions of the end effectors, shatls, 

devices, and/or the various components of the end effectors, shafts or devices are rnerely 

exern1)laxv in nature and are not intended to be Hrnitinu. It is also conternfJlated that in certain 
J -

variations, one or more of the various components nfthe end effectors or the devices, or one 

or more of the t~nd eftectors or the de-·vices may be provided or utilized. 

[02601 In certain variations,. the various sheaths described herein tor guiding a shaft or 

end effector may be used \Vith a device or end effector having a curved or straight t1exible or 

rigid shaft. 

(0261) The cutting de·vices or scrapers describt~d herein may be utilized to perform a 

discecton.l).t or other spinal procedures. Additionally, the devices described herein may be 

utilized or provide methods for resecting, excising and..ior removing tissue or soft tissue from 

various regions in a patient's or subject's body, For t~xampie, the devices described herein 

may be utilized to excise and..ior remove or evacuate various tissues or cells including, but not 

limited to: nasal tissue, fin· example, nasal polyps; eye tissue; tissue in various gynecological 

procedures; tumors, e.g., cancerous tumors in the lungs, liver, and in other vital organs; a.nd 

tissues or cells from other areas in a patient or subject. 

102621 An end effector \.vith a reciprocating or "fixed" Scraper edge 4.1, a Reciprocating 

Cutter 4.2, a11d/or a Rigid Shaft 4.7 (as shm.vn in Figure 6) or an end effector of Figure 7 may 

be useful nx excising and/or evacuating various tissues_ Such tissues include tissues \Vlthin 

the full spectrum of consistency ranging from soft tissues,, such as intradisca! nucleus 

pnlposis, to tough tisstws, such as End Plate cartilage and ligament, to hard tisstws, such as 

bone. For example, the end .effector may be used to prepare the intradisca! space fhr vertebral 

fusion procedures \vhere, e.g., it may be desirable to rt~move th.~ intradiscal nucleus pu!posis 

and End Plate cartilage and scrape the tmderlying bone to cause bleeding of t11e bone t:o 

promote healing and fusion ben.veen the "'ertebral bodies and implant 

[02631 In certain variations, an end effector having a Rigid. Shaft, a Reciprocating Cutter 

4.2, and/or \·vith or \\-'ithout a Scraping Edge, may be useful fbr excising and/or evacuating 

55 



wo 2012/003383 PCT/US2011/042686 

tissues in procedures such as a foramenotomy, vd1ere it is desirable to decompress an 

emanating m~rve that passes through a stenosed fbnunen. The end efftx:tor having a curved, 

rigid shaft \Vith or \\'ithout a Scraping Edge ( 4.1) may be capable of reaching into the foramen 

and exposing the Vv'indov-.' (4.6) to the inside surface of the form:nen such that the 

reciprocating cutter 4.2 and!or the scraping edge 4.1 rnay· excise tissue. The end effector 1nay 

be utilized in both "open" and percutaneous surgical procedures. 

[02641 Optionally, an end effector or device having a 11exihle shaft rnay he used. in the 

tissue excising, scraping or evacuating procedures described above. 

10265] rn certain variations, a device may include or a method may utilize a cutter 

positioned at the distal end of a t1exible shaft that has a preformed or predetennined 

curvature. The shaft may be adapted f(x insertion into a cannula or sheath v ... here the distal 

end of the shaft may advance from the cannula (hy advancing or retracting the cannula and/or 

the shaft relative to each other) tO\vard a target site and the shaft may be configured to allo'v 

its predetermined curvature to position the distal end of the shatl near the target site, for 

example, by reverting or beginning to revert to its predetermined curvature upon exiting the 

cannula or sheath. 

10266} The devices described herein include a mechanism pmvered by a vacuum source. 

The devices ma)r be used f-(_)r applications >.vhere a source of vacmun is pn$ent. For example, 

a source of vacuum is frequently available \vhen medical procedures are perfonned. 1\..Jany 

medical devices utilize a reciprocating mechanism to perform their fi.mction. The de·vices 

described herein may be useful in procedures \vhere evacuaiion or aspiration is necessary and 

the device may include evacuation or aspiration features in combination v,>ith a vacuum 

pmvered reciprocating mechanisrn. 

[02671 In certain variations, a device using an external or internal vacuum source to 

powt.~r a nxiproc.ating n1echanisrn that is connected to a cutter thereby causing the cutter to 

reciprocate may include a"'(" connection \vi thin a handle that connects the vacuum source to 

both the cntter evacuation tube and the vacuum powered mechanism. As a result, the ·vacuum 

perfonns se'-/eral ft.1nctions w·ithin the device, such as: powers t.he rnedmnism which causes 

the cutter to reciprocate, draw·s tissue into a cutting windo-w such that it may be excised, 

and/or e\'acuates the excised tissue to a location extema! to the device, \vhile maintaining a - ~ 
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consistent vacuum pressure even \vhen the vacuum source is shut off to the mechanism during 

reciprocation. 

(02681 ln cenain variations, a cutting device implements a pneumatic logic or a method 

utilizes a pneumatic logic to operate a cutting or other reciprocating device whereby a vacuum 

mechanism valve sequence shuts off the vacuum source from the tnedmnism to allo\v a piston 

to return to its home position \Vithout venting the vacuum source to ambient pressure, As a 

result, the vacuum pressure rernains consisient in the cutting and evacuation Sjrstern portion of 

the device. 

10269] rn certain variations, a method includes maneuvering a tlexibk~ shaft around 

sensitive tissues or structures in the human body by changing the shape of the shaft by 

exwnding or retracting an outer sheath on the shaft thereby· allowing improved 

maneuverabi !ity of the shaft. around structures or within confined spaces. Such a shaft and 

sheatl1 may be incorporated in any of the devices or vacuum po"vered devices describe herein. 

102701 In certain variations, a semi-rigid or rigid outer sheath positioned over the llexible 

curved shaft that is used to change the rad1us of curvature of the curved shaft may· be 

provided. The rad.ius of curvature of the shaft increases whtm the straight and rigid sheath is 

extended over the curved portion of tlle shaft, \vhereas the radius of curvature of the shaft 

rt.~turns to its precurvcd shape \),.'hen tht.~ sheath is retnK:ted from the ntrvt.~d portion of the 

shaft. 

[02711 In certain variations, an electrical!)" resistive, or bipolar or monopolar 

electrocautery system is included on the distal tip of the shaft that allo\'i-'S the physician to 

cauterize tissue to control bleeding at the operative site. The electrocautery system may be 

pmvered by wires that nm the length of the shaft through an internal lum.en v·.rithin the shaft 

[02721 In certain variations. a cutting device utilizing anv of the variations of vacuum ... ..... ..... ~ 

powt.~rt.~d mechanisms dt.$Cribed herein results in automatic actuation of a cutter positioned on 

a tlexible or rigid shaft, thereby providing a vacuum powered cutter. The vacuum mechanism 

for actuating the cutter may enable controls to be utilized for otht.~r functions or functions 

other than operating the rnechanisrn" thereby reducing the numher of levers or control hutt:ons 

on the device. For, example, other controls positioned on the device may be utilized for 

straightening or curving the shaft or for operating or controlling bipolar systerns for 

cauterizing. 
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[02731 In one variation, fhe device may include a handle having a trigger. Actuation of 

the trigger may rause a cannula or sheath positioned ov~;.~r a flexible shat1 extending from the 

ha11d!e to ehller extend or retract, depending on \vhether the trigger is pressed or released. 

The extension or retraction of the cannula may cause the t1exible shaft to straighten or curve. 

The device rnay include a roller ball, knob or other control rnechanisn1 for adjusting or for 

turning onioffvacuum flo"v or ambient t1mv to thereby regulate cutting speed. For example, 

such a knob or roller ball may be positioned on the cutting device such that the knob or roller 

ball may he manipulated hy a thumb or other t1nger on the band holding the handle of the 

dt.~vice or on a free hand of the user. Thus, the cutting devh..x~ can by used \·vith one hand, 

treeing up the other hand of the user or physkian for other uses. A single vacuum line may 

attach to the devire, which both evacuates excised tissue and pm:vers the mechanism. For 

example., a "Y" connection within the handle of the device may connect the vacuum sourre to 

both the cutter evacuation tube and the vacuum po\Vt~red mechanism, \\-'here the device 

maintains a consistent vacuum pressure or f(xce at the cutting \Vindo\'i-' for evaruating excised 

tissue during operation of the mechanism. 

[02741 The mechanism according to the variations described herein n1ay actuate a cutter 

autmnatically by using a mechanism pmvered by· an external vacuurn source. The external 

'vacuum soun.:e may be connt~cted to tht~ devke to provid~;.~ suc:tion to facilitate tissue cutting 

and evacuation, therei~1fe, the use of the external vacuum. source to po\ver the cutter is 

completed Vlithom requiring an additional ptnver sourt'e such as electricity, compressed air, or 

mechanical input by the operator. 

(0275) Because vacuum pm.ver is used to actuate the cutter, operator fatigue may be 

reduced as compared to a system requiring the operator to n1anuaUy actuate the reciprocating 

mechanism such as via button or trigger mechanism. Also, the use of vacuum to power the 

cutter actuation may signifkantly increase the rate at \vhich the nmer actuates, tht~rt~by 

reducing the time required to complete tissue resection .. 

102761 Tht~ use of vacuum po\ver to actuate tht.~ cutter may allov.,- the control for the rate of 

actuation to be moved frorn a "prhmuy" position 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 cutter mechanism actuates or as a control for the radius of curvature of the 

shaft, or as a control for an electrocautery sy·stem. 
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[02771 A knob, trigger, roller clamp, or other control interfaces rnay he used to control the 

raw at \vhich the vacuum mechanism reciprocates. These options allow the device to be 

designed in a variety of configurations to suit various surgical specialties or personal 

preferences, 

10278) The variom pnemnatic logic sequences utilized by the systems described herein 

may optionally 1naintain high vacmun throughout the engine cycle by never venting the 

vacuum source to the atmosphere. As a resutt, the vacuum pressure that HKilitates cutting and 

evacuation tnay not decrease while the mechanism reciprocates. 

10279] A single tube from the vacuum source to the device to serve the functions of tissue 

cutting, evacuation and to pmver the mechanism \vhich actuates the reciprocating cutter may 

be utilize& The single tube from the vacuum source simplit1es connections required f"lx 

device operation and reduces tl1e mnnber of tubes attached to the device thereby reducing the 

"clutter" a11d unwieldiness caused by multiple tubes and \Vire connections to the device. 

102801 In certain variations, a second source of vacuum may be JXov·ided such that 

separate vacuum sources IHW/er the mechanism and provide suction to the distal end of the 

cutting device or t~nd dkctor for excising and/or evacuating tissue, [n cenain variations, one 

or 1nore vacuum sources and/or one or rnore tubes or conduits connecting a vacuum source to 

a devk:e to supply suction to the device and/or to pmver the devke may be utilized or 

provided, 

[02811 A cannula may be used on the flexible shaft to t:hange the radius of curvature on 

the shaH. in a range hom nearly straight to curved in an arc of 180 degrees. This a!lmvs the 

operator to optimize the curvature of the shaft based on the patient anatomy, The operator can 

increase or decrease the force het\veen the shaft and the target tissue being excised hy· 

extending or retracting the cannula to increase or decrease the natural radius of curvature of .._. .... 

the shaft 

(02821 Optionally, an electrically resistive, or monopo1or or hi polar cautery may be used 

on the distal tip of the devices described herein to allmv the operator to cauterize tissue to 

control bleeding at the site \Vhere tissue has been exc.isett This feature obviates the need to ... 
remove the device from the operative site to replace it \Vith an electrocautery device. This 

ilnprm..-es speed and ease-of-use for the operator v.,..-hile redndng blood loss for the patient 
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[02831 The devices descr1bed herein may he m.anufactured using lo\v cost components 

and assembly techniques; as a rt$u1t, the t:ost of the device is much lm-ver than a similar 

device \vhich utilizes an electric motor. 

(02841 The devices described herein may have a relatively lm:v mass and may be easily 

sterilized using conunonly used ster11ization techniques snc.h a:\ e.g., election bemn radiation, 

gamma radiation, or Eth)rlene Oxide gas. 

[02851 Other variations of vacuum powered devices and methods are provided belmv. 

For example, a medical device ma.Y utilize a mechanism. po\vered by an external source of 

'vacuum to perfc.m11 one or more function(s) through re,:iprocating n1otion output by the 

mechanism. The device may excise and e·vacuate tissue. The device may.' have a single 

attachment to an external vacuum source \\'herein said vacuum prO'vides power to the 

mechanism and assists in excising tissue. The device may have a single attachment to an 

external vacuum source \Vherein said vacuum provides po\ver to the mechanism and assists in 

evacuating tissue. The device may utilize a mechanism that does not utilize inertia of mass to 

transition past valves to change state, The device may not ,vent the external vacuum source to 

ambient air at any time during its cycle t11ereby causing a drop in vacuum \Vithin the device. 

The device may include a flexible shaft that has a prefonned curvature on the distal portion 

and a straight rigid or scmi~rigid cannula around the outer dia.rnett~r of the shat1; the radius of 

curvature of the shaft may be changed by sliding the cannula over the distal curvat11re 

\Vht~reby the radius of curvature is increased Vlhen the cannula is extended over the distal 

curvature and the distal curvature returns to its' prdhnned curvature \vhen the cannula is 

retracted from the distal curvature, The device ma)' include a monopolar electrode or bipolar 

electrodes on or near the distal extremity. The devic.e n1ay· have a single connection to <Ul 

external vacuum source that powers a vacuum powered mechanism and evacuates excised 

tissue. The single conne\.:tion to an external vacuum source may also use 'vacuum to draw 

tissue into a cutting \V-indO\v to present tissue for the purpose .of excising said tissue. 

(0286] A medical device may include a mechanistn powered by an external ·vacuum 

somce wherein said 1nechanism is comprised of a piston that is set into motion by creating 

differential pressure on either side of the piston "vherein one side of the piston has ambient air 

and the air on the other side of the piston is at least partially e\iacuated. The rnechanisn1 nli.l)/ 

include a valve component that opens the volume next to the Piston alternately to ambient air 
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or vacuum. The valve component may be actuated as a result oftrans!ation of the Piston 

\Vht.~rein the Piston acts upon the valve to cause it to open or dosl~ the 1-luid connections to 

ambient air or to the external vacuum source. 

(02871 A method tor causing a reciprocating mechanism pow-ered by vacum11 to transition 

past valves to change states w·herein an adequate volume of air has been evacuated prior to 

dosing the valve to the external vacuun1 source such that the mechanism continues to move 

into the e·vacuated vohune such that the valve fully transitions to open the source of vacuum 

to a different volume ma_y also be provided. 

(0288] Tht.~ method ma-y include the f{_)HO\-ving logic sequence: Vacuurn open to the distal 

side of the Cylinder, ambient is closed to distal; ambient open to proximal side of Cylinder, 

vacuum is dosed to proximal; Piston advances toward distal position due to the vacuum 

inside the distal side of the cylinder and an1bient pressure on the proximal side ofthe Piston; 

Piston contacts Shuttle and adv;:mces it tO\'i-'ard the distal position; Vacuum Seal on Shuttle 

moves from proximal side of Vacuum Port to the distal side of the Vacmm1 Port \-Vhile the 

Distal Seal on the Shuttle opens the ambient air to vent the distal side of the Cylinder to 

ambient pressure and the Proximal Seal on the Shuttle closes tb.~ ambient air vent to the 

proximal side of the Cylinder; Piston reverses direction and moves in the proximal direction 

dtK~ to the vm.:uum inside the Cylinder proximal to llR~ 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 Ponto the proximal side of the Vacuum 

Port while the Proximal Seal on the Shuttle opens the ambient air to vent the proximal end of 

the Cylinder to ambient pressure and the Distal Seal on the Shuttle doses the ambient air vent 

to the Distal side of the Cylinder. The above steps Tnay repeat unless the vacmm1 somce is 

disconnected, turned off or iffhe vacuum is inadequate to overcome the force required to 

move the Piston. 

(02891 Optionally, the method may include the fo!lmving logic sequence: Vacuum open 

to the distal side of the Cylinder, ambient is closed to distal; ambient open to proximal side of 

Cylinder; Piston advances tmvard distal position due to the \iacumn inside the distal side of 

the cylinder and ambient pressure on the proximal side of the Piston; Piston contacts Shuttle 

and advances it toward the distal position; Vacuum Seal on Shuttle shuts off vacumn to the 

distal side of the Piston and continues to move distally thereby opening the ambient air supply 
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to the distal side of the Piston; Return Spring motivates the Piston in the proximal direction 

due to the equalization of air pressure on both sides of the Piston; Piston Shaft contcKts 

Shuttle and motivates it in the proximal direction:, Shuttle Seal on the Shuttle shuts otT 

ambient air supply to the distal side of the Piston and opens the vacuum to the distal side of 

the Piston. The above steps may repeat tmless the vac.un.m source is disconnected, turned on: 
or if the vac.uun.1 is inadequate to overcome the force required to move the Piston. 

[02901 In another variation, a medical device includes a reciprocating cutting blade such 

as is used to excise and evacuate tissue that uses a reciprocating mechanism pmvered hy an 

external vacmm1 source that may be used tbr tnedical procedun.$ \-Vhere a source of vactmm is 

present 

[02911 The abo've arrangements, materials, and dimensions tbr the vacuum powered 

mechanisms described herein are exemplary and are not intended to he limiting. 

(0292) Each of the individual variations described and illustrated herein has discrete 

components and features which may be readily separated frorn or combined ,.v·ith the features 

of any of the other variations.. i\-lodHkations may be made to adapt a particular situation, 

material, composition of matter, process, process act(s) or step(s) to the objective(s), spirit or 

scope of the present in•·ention. 

10293) !Vfethods recited hen.~in may be carried out in any order ofthe re(:ited events \'vhich 

is !ogica!!y possible, as \vel! as the recited order of events. Furthermore, w·here a range of 

values is provided, every intervening value between the upper and lower limit of that range 

and any other stated or intervening value in that staled range is encompassed \Vithin the 

invention. Also, any optional feature of the inventive variations described may be set forth 

and claimed independently, or in cmnhination \Vlth any one or Jnore of the features descdbed 

herein. 

(02941 All existing subject matwr mentioned herein (e.g., publications, paK~nts, patent 

applications and hard\\-'are) is incorporated hy reference herein in its entirety except insofar as 

the snbject matter may conflict \Vith that of tht~ present inventio11 (in \Vhich case \Vlmt is 

present herein shall prevail). The referenced items are provided solely for their disclosure 

prior to the filing date of the present application. Nothing herein is to he construed as an 

adrnission that the present invention is noi entitled to antedate such material hy virtue of prior 

invention. 
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[02951 Reference to a singular item, includes the possibility that there are plural of the 

same items prt~sent. f...·1ore spet:ifically, as ust~d herein and in the appended claims, the 

singular forms "a," "an," "said" and '"the" include plural referents unless the context clearly 

dictates othet\"~iise. It is further noted that the claims may be drafted to exclude any optional 

eleJnent. As such, this statement is intended to serve as antecedent basis for nse of such 

exclusive tem1inology as "solely·,'' ''only" and the like in connection \Vith the recitation of 

dain1 ele1nents, or use of a ''"negative" limitation. Unless det1ned othenv·ise, all technical and 

scientific terms used herein have the same meaning as commonly understood by one of 

ordinary skill in the art to \\-'hich this invention belongs. 

[02961 This disclosure is not intended to he limited to the scope of the particular forms set 

f(mh, but is intended to cover alternatives, modifications, and equivalents of the variations 

described herein. Further, the scope of the disclosure fully encornpasses other variations that 

ma:y become obvious to those skilled in the art in view of this disclosure, The scope of the 

present invention is limited only by the appended claims. 
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CLAIMS 

What is claimed is:  

 

1. A vacuum 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 receiving tissue;  

a cutter positioned within the elongate shaft, wherein the cutter is configured to be 

reciprocated to cut tissue;  

a chamber coupled to the proximal end of the elongate shaft such that the elongate shaft 

remains fixed relative to the chamber, the chamber having a mechanism positioned 

therein, wherein the mechanism is powered by suction created by a vacuum source such 

that the mechanism produces a reciprocating motion which causes the cutter to 

reciprocate; and wherein the mechanism comprises a piston and a valve, wherein the 

suction is applied to both sides of the piston in an alternating manner to cause the piston 

to reciprocate which causes the cutter to reciprocate, wherein the piston is coupled to the 

valve by a linkage mechanism that translates motion from the piston to the valve.  

 

2. The device of claim 1, wherein the mechanism is powered solely by suction created by 

the vacuum source.  

 

3. The device of claim 1, wherein suction from the vacuum source draws tissue into the 

opening  

 

4. The device of claim 1, wherein the cutter is configured to reciprocate past the opening 

in the elongate shaft to cut the tissue in the opening.  

 

5. The device of claim 1, wherein the device is configured such that cut tissue is 

evacuated through an evacuation lumen in the elongate shaft by suction created by the 

vacuum source.  

 

6. The device of claim 1, wherein the device is configured to receive suction from a 
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single vacuum source which supplies suction for evacuation and for powering the 

mechanism.  

 

7. The device of claim 1, wherein the elongate shaft has a lumen for delivering 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 

irrigant through the lumen.  

 

8. The device of claim 1, wherein the chamber is 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 and/or 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 shaft, wherein the mechanism is connected to the cutter and 

the mechanism reciprocates the cutter in a rectilinear motion.  

 

11. The device of claim 1, wherein a tissue collection chamber is integrated in the device 

such that removal of the chamber disables the device.  

 

12. The device of claim 1, wherein the distal end of the shaft includes a malleable 

portion, wherein the cutter is reciprocated within the malleable portion.  

 

13. The device of claim 1, wherein the mechanism is powered by vacuum available in a 

physician's office.  

 

14. The device of claim 1, wherein the cutter is a cutting blade and the cutting blade is 

not exposed on an outside of the opening to provide safety to patients.  

 

15. The device of claim 1, wherein the vacuum powered mechanism reciprocates at a rate 
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of less than about 1200 cycles/min.  

 

16. The device of claim 1, wherein the speed of the cutter ranges from 250-2500 

cycles/min.  

 

17. The device of claim 1, wherein the linkage mechanism comprises a bi-stable switch.  

 

18. The device of claim 1, further comprising an electrocautery wire positioned at the 

distal end of the elongate shaft.  

 

19. The device of claim 1, further comprising a lumen in the elongate shaft for delivering 

an anticoagulation therapy.  

 

20. The device of claim 1, wherein the device is fully disposable.  

 

21. A vacuum 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 receiving tissue;  

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 chamber coupled to the proximal end of the elongate shaft, the chamber having a cutter 

driver assembly positioned therein, wherein the cutter driver assembly comprises a piston 

and a valve and is powered by suction created by a vacuum source such that the cutter 

driver assembly produces a reciprocating motion which causes the cutter to reciprocate, 

wherein the suction is applied to both sides of the piston in an alternating manner to cause 

the piston to produce the reciprocating motion, wherein the piston is coupled to the valve 

by a linkage mechanism that translates motion from the piston to the valve. 
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22. The device of claim 21, wherein the cutter driver assembly is powered solely by 

suction created by the vacuum source. 

 

23. The device of claim 21, wherein suction from the vacuum source draws tissue into the 

opening   

 

24. The device of claim 21, wherein the device is configured such that cut tissue is 

evacuated through an evacuation lumen in the elongate shaft by suction created by the 

vacuum source. 

 

25. The device of claim 21, wherein the device is configured to receive suction from a 

single vacuum source which supplies suction for evacuation and for powering the cutter 

driver assembly. 

 

26. The device of claim 21, wherein the elongate shaft has a lumen for delivering 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 

irrigant through the lumen. 

 

27. The device of claim 21, wherein the chamber is in the form of an ergonomic handle. 

 

28. The device of claim 55, wherein the handle is positioned at an angle relative to the 

elongate shaft thereby providing a clear line of sight above and/or to the side of the 

elongate shaft. 

 

29. The device of claim 21, wherein the chamber and cutter driver assembly are 

positioned at an angle relative to the elongate shaft, wherein the cutter driver assembly is 

connected to the cutter and the cutter driver assembly reciprocates the cutter in a 

rectilinear motion.   
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30. The device of claim 21, wherein a tissue collection chamber is integrated in the 

device such that removal of the chamber disables the device 

 

31. The device of claim 21, wherein the distal end of the shaft includes a malleable 

portion, wherein the cutter is reciprocated within the malleable portion. 

 

32. The device of claim 21, wherein the cutter is a cutting blade and the cutting blade is 

not exposed on an outside of the opening to provide safety to patients. 

 

33. The device of claim 21, wherein the linkage mechanism comprises a bi-stable switch. 

 

34. The device of claim 21, further comprising an electrocautery wire positioned at the 

distal end of the elongate shaft.    

 

35. The device of claim 21, further comprising a lumen in the elongate shaft for 

delivering an anticoagulation therapy.   

 

36. The device of claim 21, wherein the device is fully disposable.   

 




