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BACKGROYNTEM AND MEFHNODYOR TENSIONING S SUTEBRE

vari ety of nedi cal proceduregy In sinple terns,

suturing includesgj Qi ng Ngh. e faces or
edges toget her uthaﬂerg%%@@P?@%%QQQFigftype process.
For exanple, a thread or simlar type material, i.e.,
suture, may be used during a surgical procedure to
close a wound or join tissue. Wth regard to surgica
procedures, t BEEERENGE TORELATED ARRUICATION, t he
medi cal profession to mnjmze the size of a surgjcal
operiM#PPHgfign alavlaﬁﬂa%é%yt%%’mvm"ﬁ?‘fagh fien Rybet Q/GRR. 182, filed
t he tient's body and usually results in an expedited
Deggmp ﬁ%29%kovery time. Unfortunately, small surgica
openings result in small surgical fields, thus
conplicating the process of suturing. In other words,

smal | surgi cal aggégégkhﬁh£o%qqnﬁqa eN?uigrgeon has

for suturing. E UND OEJHE INVENIIONes access to
¢ e bt o aeegreisl P s s P BRRpS. sobfing incudes
RRCREOR, SeB AR et ottt e B SRRk Pl b ror
ob Bal bS8t g S L L CHER b bEu BBl FyRLPRS e o

difficult to pull excess |ength
close a wound or join tissue.

With regard to surgical procedures, there is a continuing emphasis in the medical
profession to minimize the size of a surgical opening. This advantageously minimizes the stress
on the patient’s body and usually results in an expedited patient recovery time. Unfortunately,
small surgical openings result in small surgical fields, thus complicating the process of suturing.

In other words, small surgical fields limit the space a surgeon has for suturing.

Endoscopic surgery compromises access to the surgical field even further.  In suturing,
either with a conventional needle or one designed for endoscopic surgery, it is still necessary to
pull the remainder of the suture length through the tissue and to pull on the suture sufficiently to
apply the proper tension to the emerging suture. It is especially difficult to pull excess length
through the tissue and attain proper tissue tension in robotic surgery, since the field is limited,

manipulation of the instruments is done mechanically and may not include all the manipulations
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through the tissue and attain proper tissue tension in
robotic surgery, since the field is |imted,

worae/paket i on of the instrunments i s done necharte$A0§5/043154
and may not include all the manipul ati onsthat can be

thatogah begbplied fohke infiAindentiBiNéoBvénfionsd Butgony, it tadhniBjue euped entirely by
the technique is guided entirely by visual feedback,

vieuudl feeditacle ahdtharets toafptic fdtacibaqkide dsspeliedgortings sue
tensioning. Wth a typical suture process, a needle is
used to repeatedly feed a suture through the tissue
that is to be joined together. For exanple, on the
fi r sWitipasgpitah swurg fprache, & insclieeis ubdietoqtipeatedlyifeedtd adurt dhrough the
anchor it at the end of the incision to be

tigpgpthads roedegainedlthgathet. NBorreaaile oh sheflnstipesd thirbwghubghtissime the suture is
tissue to begin the continuous suturing. Once the

tigdete dhahot © agbid Ereichf therinaigién tolbe apprexsmeted.oTlEs the needle is pulled through
approximated, it is necessary to pull through the

tht itissieo bégin the vantivuogg suainige.h Oofe thenerdte, is ipulded, thiohglt the tissue to be
| ength of suture attached to the needl e but not yet

appuixireded; litrio ueplasstuiyao palé dageh ttheatissweatbe pradhingadngdtly of dwéure, i.e., that
needl e on its way through the tissue. Because of

lehgthriof dure pivched th direcrepdic Autanot ygb ipulédd| tiroughettie passaga hatiwes produced
the needle, thread, and tissue. To pull the thread

by the oergite ansitsrvgpyclomughrthé teved. Besatsepfjlireited spacej forcnpscass tyaicglly used
to renove the needle grasped with, for exanple, needle

tof mpiEpS the nerdisd theeddo lantk tissué.r Gim Pk ths thrgpd Hirough aisthg ronventional
to grasp the suture repeatedly with another set of

tetlorigiepst {striessssrey fooremeps theingedle Brasngd owidy fon giemmle gispdie forceps or
Repeatedly wi thdrawi ng the needl e fromthe surgical

ndeflig|hgldess framplaer urgiqal field pr totsraspribie sutriceneatrdly with gagshey get of forceps
endoscopi ¢, or robotic surgery because, in such

(tisspstfererpalsin athpred-gysebind fyshiopenpved from the surgeon's
sight while it passes close to the surrounding tissue
and may injure it. That risk is repeated when
returning the needle to the surgical field of view If .
t he Reneatedly withdrawing dhe agedle framdhe swrgip ficklois partigularproblem in
to control the intervening | ength of the suture or

to
midmalbt inyesaver £RAOG0BIS: ac rahetn Irgery because, in such instances, the needle is

removed from the surgeon’s sight while it passes close to the surrounding tissue and may injure
it. That risk is repeated when returning the needle to the surgical field of view. If the suture is
particularly long, it may be difficult to control the intervening length of the suture or to adjust the

traction accurately.

Ordinarily, needle forceps are used to push the needle through the tissue to be joined, and
when the needle clears the tissue, tissue forceps are used to pull the suture taut. Forceps are not
designed for grasping or otherwise interacting with the suture. With repeated grasping and

releasing, the forceps can damage the suture. Moreover, it is sometimes necessary to remove the
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Odinarily, needle forceps are used to push the needle
through the tissue to be joined, and when the needle

warmena4the tissue, tissue forceps are used t oPqQuU$20031@3154

suture taut. Forceps are not designed for grasping or
foedepefrvn Ske visiblersagidahfieldvimaking hige ®©cinigue awWWirlh ané pettihg shrrounding
grasping and rel easing, the forceps can damage the
stawtures et riskbr eover, it is sonetines necessary to renove
t heforceps fromthe visible surgical field making the
techni que awkward and putting surroundi ng structures
at risk. What is needed, therefore, is a system and
met okt fioneepedp ieckiforg ism sgdtém endmethne fmprofidipgibd effigienthmeans of
suture through the tissue and accurately adjusting its
pullénpshosuturd theough dsistue iamd/anurately ailjgstohigrite ¢eneion. t The present invention is
overcom ng, or at |least reducing the effects of, one
diocterdr eveofominge opat ddabtepducimeg thefedfecth ot buover. m@eNMIBRProblems set forth
THE | NVENTI ON The invention consists of nodifying
abx¢.sting tissue forceps to add a small pulley (a
noveabl e attachnent) or pulley-1like device (an
attachnment that does not rotate, the upper surface of
which is shaped like a pulley) near the end of one of
the two arns. Aft§E&ﬂﬁéBXéHﬂE§E&§ﬁEMIi¥Ethrough the
tissue during the continuous suturing process,
sut Uthe ibentgneeonsive of qeedifying registipge tigshe Sereeps 1o miwm %rﬁill pulley (a
the needle has energed is set within the pully-Iike
mgesgble ettachmenther pan@f-lelfegwee fap pisasheen that doea el raifkey the PER?F surface
the tissue the renalnlng suture is pulled through th
ofpwhieh e shaned liketgyallgy) giserrthe endif epe ¢fithe e apsg siyfder eorseeﬁ“% is pulled
i s achi eved. The tension maybe sustained by the
theqyely thieiigsug dyTirgethe gontigeous SWHIRE Rrecessy Hie ﬁutﬁ%@%fele H}edﬁ%e and the
the tissue at the next point of suturing

tijsho Berm viich the peedlediys CBrRR B P e NI kS fiide) Qagrasghe tissue

forceps are drawn away from the tissue the remaining suture is pulled through the tissue until the
proper tension on the tissue closure is achieved. The tension maybe sustained by the suturing
device as the needle is again passed through the tissue at the next point of suturing, and the

process is repeated.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts a forceps with an attached pulley-like system

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

There are many types of forceps used in suturing. The size varies depending on the size
of the needle, the thickness of the tissue, and the activity to be performed. The configuration of
the jaws of the forceps varies depending on the characteristics of the tissue to be held and the

preference of the surgeon. The present invention is applicable to any type of forceps, €.g., tissue
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Figure 1 depicts a forceps with an attached
pul | ey-1i ke system DETAI LED DESCRI PTI ON OF SPECI FI C
WEMBODIMENTS There are many types of forceps uBEU$2005/043154
suturing. The size varies depending on the size of the
forveps hedletfbrees hete kane,ss wall b descritied, sestlts mracigniigas ehprovdnyent to the
to be perforned. The configuration of the jaws of the
fofeepscsnfuse tymgicgmbitiegendi ng on the characteristics of the
tissue to be held and the preference of the surgeon.
The present invention is applicable to any type of
forceps, e.g., tissueforceps, needle forceps, etc.
and It isssuaily the base chasteoifireehs aregsed dusing a swurs prppéduiec & forceps, for
i nprovenent to the forceps suture tying capabilities.
exhmplesmag babdey to held cheseeedlh dteetlmdortepscagedle dipldenisied, while the other
during a suture procedure. One forceps, for exanple,
forraps Beusers wdhdld theaisshet (Hssue deckipe). (Dot he fpmcc@p% thenfaeilon of the
hol der, etc.), while the other forceps is used to hold
fotdaps i |osdmae11§( dliegrwited. fFor capsle, thoweddigfotdeps priopust treencedlpgartially
function of the forceps is ordinarily alternated. For
thewgnibk Gssut heompesadd] andftiny tseyssforens npayshentgmsp Heagédie on the other side.
partially through the tissue on one side, and the
Thei izedle foraps mirssaxthe nebdinanglrthe (issuehforoapseille thgmeqdirethe raieof the way
side. The needl e forceps rel eases the needle and the
thtdugls the tifsue.cOpes theihdedle istallpddiiueh, thedtissuesfpreerfs maydapghthe needle off
t hrough the tissue. Once the needle is pulled through,
tottheeneedle foueeps, andibppropasyistiendefed #salesieeddl e of f to the
needl e forceps, and the process is repeated as
desired. Referring to Figure 1, illustrative forceps
10 having a first arm12 and a second arm 14 _are
showlsferning tgdigwe bdHustrative fpisersdffdaying gdiysti3am |2 é&d f §gcond arm 14
graspi ng, mani pul ating, or extracting during
are ghaging ahs rsatbediiheiorssppll may be ped farespiae, fﬁanil%ﬂaélﬂ%\/&‘i extracting
attached to an end of the first armof the forceps
duriag @ qugwalsnrw&tiwvef\@x&wdﬂ@ deyipgal Goig SRR qtt?%éd H)é\?l ee% Oﬁ'é‘e first arm
does not nove, but offers a surface 18
ofghe foreeps: Hp StigHlustrEve agpls, P Pallcydis fi%Vdcetlérﬁ’@Fsofr?t mPM% but offers a

shape of the pulley 16
surfacep18 to draw the guture th%ough the tissue to a desired tension. The shape of the pulley 16

is configured to allow the suture easy travel without slipping from it. In this example, the pulley

is shaped with a tab 20 that creates a slot for holding the suture.

The pulley-like system consists of a small knob that is made as part of any desired tissue
forceps. The upper surface is shaped like one-half of a pulley to form a seat for the suture, and
the lower surface is tapered to minimize the risk that it may catch on surrounding tissue. The
pulley-like device may not rotate like a pulley, but may remain static. The pulley-like device
could Be part of either a conventional tissue forceps, a needle forceps or needle holder, or any

instrument designed for endoscopic or robotic surgery.
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is configured to allow the suture easy travel w thout
slipping fromit. In this exanple, the pulley is
wahmpee40d th a tab 20 that creates a slot for HoOl/U$2005/043154
the suture. The pulley-like systemconsists of a snal
knobpillkgt ahd “prldeliks dpadet call baryedd RifdrdhatkebblB Sniche context of this
forceps. The upper surface is shaped |ike one-half of
doaupett] ey to forma seat for the suture, and the | ower
surface is tapered to mnimze the risk that it may
catch on surrounding tissue. The pulley-Ilike device
may not rotate like a pulley, but may remain static.
The Thelphidey-like kdevicke V6 oy bewbdprized pfin tmetdl, adlioy,hverang other substance.
conventional tissue forceps, a needle forceps or
Moeevtr.ahdplliden 6 may bampadd pest ofulmefotcepbelsl ugimg dny mwmber of processes. In
endoscopi c or robotic surgery."Pulley" and
thisjoase] thy piliek @6 beompased ofisurgieal steiptisy sitek rudid isgptadbieq toj the forceps 10
the context of this docunent. The pulley-Ilike device
using amagdhbgvecompelilme draskssa Altdradtivelz thoyulleyr 1amay dehiagluded in the
subst ance. Moreover, the pulley 16 nay be made part of
fotcaps hanudepsing Progess.n Fomeramplgnibe forodps P merrhedarged frompving piece of
case, the pulley 16 is conprised of surgical stainless
staitless|steelaardl the shape eftthaphlentlikodavive nfayibe edded 1@thg Sorprps gasting form.
adhesi ve or welding process. Alternatively, the pulley :
In1s611 rmeher rebadiraéntsc g puteyt-liks device ép maynbp added tte therfgreeps as a snap-on
process. For exanple, the forceps 10 may be forged
cofnpomnbne pi ece of stainless steel, and the shape of
the pulley-like device nay be added to the forceps
casting form In still other enbodi nents, the
pul | ey-1ike device 16 nmay be added to the forceps as a
snapn enotbesrmydadiment (nat shevmhehe pylsydnehedss a(wERE SR 6tRAY tensioning
the pulley includes a spring or other tensionin .
deyig ana theapyllest is enopesblyeatachsd trothe ftsteps. olfar sEameRie. @ék’? Pi@y be provided
forceps. For exanple, a slot may be provided in the
infthe Srst armefohe faseens. snd @ fensioping davieee §8i GPNSg IRIPPrated therein. The
e.g., spring, incorporated therein.

pulléy may be attached to the tensioning device, such that it b-le-cl;]oemes slideably operable along the
slot when a certain amount of force is applied. Such a configuration may be used to assist a
surgeon to accurately adjust the tension the suture places on the tissue. For example, as the
suture is drawn across the pulley, movement by the pulley may be used to signal when a
predetermined amount of force is reached. Such forceps may be designed for a specific torque or

tension. Alternatively, the tensioning device may be adjustable, thus providing customizable

movement of the pulley.

In one illustrative embodiment, forceps having a pulley or pulley-like device may be used
by a surgeon in a confined surgical field to tie a suture. For convenience, forceps incorporating a

pulley shall be referred to hereafter as pulley forceps. In a suture tying procedure, after the
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pul l ey may be attached to the tensioning device, such
that it becones slideably operable along the slot when
w@2mwens@dn anmount of force is applied. Such a PCT/US2005/043154
configuration may be used to assist a surgeon to
naadle i ksl yhraugh ulsd tiskdeetht ecedleanhddigcastht goiat iphaGes passedttheugh the
ti ssue. For exanple, as the suture is drawn across the
tigpud hetyp, foraxangetcohyentidral fondeps . graigedde fonepd It shaildybahppreciated,
when a predeterm ned anount of force is reached. Such
hdweverefhat thiayedite alighi nikdd froplace wing pulléycfotoepsqudvantageously, in this
tension. Alternatively, the tensioning device may be
pa@iliohshaudedie shiduldsbepi the sdping vemsdfold saapdre novenent of
the pulley. In one illustrative enbodi nent, forceps
having a pulley or pulley-like device may be used by a
surgeon in a confined surgical field to tie a suture.
For The puléayi oz paley-1ike dew@sofithequilgyofoatepsig phcgiuindeytheslagth of suture
be referred to hereafter as pulley forceps. In a
beswitenrtee teeillegng theaesher dp tie$ pestionhthe eediegestsomptis puliey. The pulley
through the tissue, the needle is held near the point
fordepshia pulladsowpd theedreedn, wiith thet deedle held ireplassi fogexafpte, with the needle
exanpl e, conventional forceps, e.g., needle forceps.
fordepss Motheipdlley &pypape tsipatlesiowird whesergeon; Hgtsutiiteds drawy hesoss the pulley
m ght be held in place using pulley forceps.
untid ¢ amtraeghotes desiredriension.s Uplog the ipuliey to brug tleeestituee, & hipenlyindsessary to
in the surgical view of the surgeon. The pulley or
pybithe Eyceps kalf ahefor b obthe titpésiquuds Iifetge fepsierepyareiagplisl &y exithdrawing the
under the length of suture between the needl e and the
neeills Sareeps framtthg el o@naeiaciasired trasign isueashqdethe ullny ferkeps is returned to
pulley. The pulley forceps is pulled toward the
gratpr the dipsuc bt the nevs passead|tee rreflg andh sybigc eThis precesx ap be repeated as
with the needle forceps. As the pulley forceps is
desigd ed t oward t he surgeon, the suture is drawn across
the pulley until it is brought to a desired tension.
Using the pulley to snug the suture, it is only
necessary to pull the forceps half as far out of the
i ncilde pertiguarjembpdiments dis¢losgd s\l@rve argilysiretiye mlwaStthfd%ﬁWﬁ@may be
t he needl e forCﬁgs fromthe field. Once a desire

modified #d practicedaimritferent hut pryivalept magnerspparent rt%f}msenggllqddn the art

having the benefit of the teachings herein. Furthermore, no limitations are intended to the details
of construction or design herein shown, other than as described in the claims below. It is
therefore evident that the particular embodiments disclosed above may be altered or modified and

all such variations are considered within the scope and spirit of the invention.



grasp the tissue for the next pass of the needle and
suture. This process may be repeated as desired. The
wopasd/iceasar enbodi ments di scl osed above are  PCT/US2005/043154
i%%ustnative only, as the invention may be nodified
amedced in different but equival ent manners
apparent to those skilled in the art having the
1beneﬁﬁ@“@¥°€ﬁ%“$@%chlngs herein. Furthernore, no
limtation P are intended to the details of
const r uctd % 3R desi gn herein shomn ot her than as
described in the clains bel ow Is therefore evident
t hat the‘ﬁﬁ??ﬂéﬁ?ﬁFwQHﬁ%@FﬁﬁhﬂglGW%closed above may be
5 altered or dified and all such variations are
consi der P\ f% ‘?ﬂpﬁ“‘iyhlé‘eg%‘ﬁ?ea“éﬂ‘éd toghe fisst agm of the second arm.
invention.Wat is clained: 1. A forceps conprising: a
first arm a second armattached to the first arm and
e device attached to the first

gr fnUJB*:‘ %ﬁ gﬁt‘ lsllﬂ'?}y 1r erf%n theh Bulfey oz dyHevplfkecqexicpn further comprises a
e U o Sl 65 i s s

S@ﬁp% . ? tension on the suture; and a tab to secure
W& 8 (e3P 48n the surface. 3. The forceps of claim 1,
wherein the pulley or pulley-like device further
conprises a tensioning device. 4. The forceps of claim

er t he tensio device is ri 9. .2 The

f or %psﬁ){)cf P FCI ? \Xﬂeé?”g ithe PyisY o IpP@eg)’?lgﬁ" ‘% °f Z%ﬁhle’f Ruprises a
slldeably attached to the forceps and the
“%ﬁ%k%%k#%gatlon on the forceps indicates the tension

bei ng applied to a suture.

10

4. The forceps of claim 3, wherein the tensioning device is a spring.
15
5. The forceps of claim 3, wherein the pulley or pulley-like device is slideably attached to

the forceps and the pulley location on the forceps indicates the tension being applied to a éuture.

6. The forceps of claim 1, wherein the pulley or pulley-like device is a snap-on feature

20  added to the forceps.

7. The forceps of claim 1, wherein the first arm, the second arm and the pulley or pulley-like
device are cast as one unitary piece.
8. A modified forceps comprising:

25 a forceps; and

a pulley or pulley-like device attached to the forceps.
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6. The forceps of claim1, wherein the pulley or
pul l ey-1i ke device is a snap-on feature added to the
WO znee@aos 7. The forceps of claim 1, wherein ter/0$2084/043154
arm the second armand the pulley or pulley-like
device are cast as one unitary piece. 8 A nodified
forceps conprising: a forceps; and a pulley or
9.pul ITay -fbicie dfestdimes, atteseihehd putleyt hepdlleydik@sedce finber comprises a
forceps of claim8, wherein the pulley or pulley-like
sueifeedl foea kuthiche be dawpracwespravidiog feagien brothe autsret adea tab tdpeecure the
drawn across providing tension on the suture; and a
sutwador the sefaoe.e t he suture on the surface. 10. The
forceps of claim8, wherein the pulley or pulley-like
device further conprises a tensioning device. 11. The
forceps of claim 10, wherein the tensioning device is
108 she figrcers aftdlaunhd; dviteinths uilesgor pdley-Tike degeec byptberofomprises a
claim 10, wherein the pulley or pulley-like device is
tesdiongteadebige.at t ached to the forceps and the pulley or
pul l ey-1i ke device |ocation on the forceps indicates
the tension being applied to a suture. 13. The forceps
of claim8, wherein the pulley or pulley-like device
1. s &he faagepe of dlaimtlQr wheaednlbd tengioningdefvise éscappring of attathed to a spring.
forceps of claim8 wherein the pulley or pulley-like
device is included in the manufacture of the forceps.

15. A nethod for tying a suture conprising:
12.  The forceps of claim 10, wherein the pulley or pulley-like device is slideably attached to

the forceps and the pulley or pulley-like device location on the forceps indicates the tension being

applied to a suture.

13.  The forceps of claim 8, wherein the pulley or pulley-like device is a snap-on feature

added to the forceps.

14. The forceps of claim 8 wherein the pulley or pulley-like device is included in the

manufacture of the forceps.

15. A method for tying a suture comprising:
(a) passing a suture needle through a tissue to be sutured;
(b) grasping the suture needle with a grasping instrument;
(©) securing the suture on a pulley or pulley-like device connected to a second

grasping instrument; and
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(a) passing a suture needle through a tissue to be
sutured; (b) grasping the suture needle with a

waroae/péoaes i nstrument; (c) securing the suture FROIT/BS2005/043154

pul l ey or pulley-like device connected to a second
gr agp) ngpaltisg the seeond graspoh distrpraédt idizglly bveaysfeamothe tissue to put tension
grasping instrunent distally away fromthe tissue to
put dnelsduaime.on the suture. 16. The nethod of claim 15,
wherein the pulley or pulley-Ilike device further
conprises a surface for a suture to be drawn across
provi ding tension on the suture; and a tab to secure
16.he Bwtmetiodosf ddie Sumwhereis. thd PulleYhve poiityHie dshice ffuathar d@yprises a
wherein the pulley or pulley-like device further
surfacepfor s estug tb dp srawmi aagsdpovidiag tehSion $hehermptulrn dndd tabltasgeure the
17, wherein the tensioning device is a spring or
sutiev prtheswfasect ed to a spring. 19. The nethod of claim
17, wherein the pulley or pulley-like device is
slideably attached to the second graspi ng instrunent
and the pulley or pulley-like device |ocation on the .
15ecdivd nogthoslpifradpiinnSt wherewtthe pelley 2or dsllgyHiker dswise Hrtheerqppprises a
applied to a suture. 20. The nethod of claim 15,
tepsiening deviche pul l ey or pulley-like device is a snap-on

- feature added to the second grasping instrunent. 21.

The net hod of claim 15, wherein the grasping
instrument and the pulley or pulley-like device are
1& astThg aneghed of, ﬁlpipa]r’,y w&;préi@él_le tensioning device is a spring or device connected to

a spring.

19.  The method of claim 17, wherein the pulley or pulley-like device is slideably attached to
the second grasping instrument and the pulley or pulley-like device location on the second

grasping instrument indicates the tension being applied to a suture.

20. The method of claim 15, wherein the pulley or pulley-like device is a snap-on feature
added to the second grasping instrument.
21.  The method of claim 15, wherein the grasping instrument and the pulley or pulley-like

device are cast as one unitary piece.



