;Mmope3eN<6TN~I ~' () I)~fiJd~t |' _ ~ _ PCT/IE99/UU123 LAPAROSCOPI C SEALED
ACCESS DEVICE IntroducTlon J The invention relates to a nedical device
particularly for use in surgery to provide surgical access to the abdonen
and mai nt &mows2ges-ti ght seal around the arm or an instrunencT/oRMIONGS
surgery. Surgery of this type is referred to as hand-assi sted | apAroscopic
surgery or hand-access surgery. 10 Conventional abdom nal s requires
the creation of an incision in the abdom nal wall to allow %{ﬁg&ﬁwﬂmﬂmd
vi sual i sation of the internat ORGP QI EGPHEFEAREYERI cal s iilithese

i nci sions nust be | arge enough to acconmodate the surgeons hand%oand any
instrunments to be utilised by the 15 surgeon during the surgery.

Mo

see, retraqhy8dsctRd pate internal bodily structures. Wile ] NCi sion
will provide access to the interior of the abdomen they ar @%@’m ’/with

| ongér healing tinmes, are nore susceptible to infection and res
unsightly scars. 20 Alternati ves.t? OE,en sur r‘& xi st, in the {61 of
endoScopi ¢ O NPT EdHeL ot msaiGrl device pagiquiarlyfar Bie iy ugesTy o PFYider geon
operates t le  kpUCA 1S it ROy . ] The
hat rument o pAe oFFRS (o[ ORI, MR BRAGTPA Bred s O BT HERE &y T
These wor kiingruhemndusng ypigesd.| \Sungery of @hs dypenistreferredngi ag hindassited 25
milli rretresl. Vision is provided using a | apAroscope which is typically 20
to 25 cent i ARATPEOPIGIHTBERY T e 'aFF‘E?Fg'-‘”Eﬁ?fY'C t echnol ogy or a CCD canera to
provigle the operator with a picture of the interior of the abdonen. The
abdomen nust be insufllAted with a gas such as carbon dioxide or nitrogen
to mai nt ai icenvsabiohal @bdeminak rmurgeryy refpires vthe béreationr lof rap sipaisienf ot thée 30

tor t f.orm { hi ndetr ed by the lack .of Thi
CPeurT A BBl tacrtioRr et o 0 iRl ot Slertil R A, ocar o
through whigher andtdntidatls@ddtutes. PThésel ERPACR Iddsti Bt NuFRNtaoage koiserted

are constructed to_prevent |oss of thg@gas through themresulting in
col | apse ofacchmmodaterdpersurgeoasnhamiseandrastyi insrumentspta becuplisedsby gbey are

. i h b .sh b d d b
of "alf ar ge THERE Hntingiihe Vo tudnaly o sBE 46 e thotiSat Bel heed oo
or gani sat i oficRbd BPehechoed tbhige, ¥e8El dfd pAlphitanieaid] BOHIREEUEREMCEhid &Y 1 n

hospital, faster nobilisation and returh to normal activity. The benefits
to the heallatgecinasiongwill sprovide accesy 40 thee interioth of rthe ughsipraemythey drospi t al

which is often.th expensi ve .aspect of health.care. provi sion. ciety
benef i {5 1CFROREE Wit 1QHAH GERUNE ATIEant? RSP URCRER 1o Jera A iesiBy |
However, nofn @sighity'¢hesal procedures can be performed | aparoscopically.

Surgery requiring the renoval of |arge organ speci nens, such as surgery for
renod@l of the colon) has traditionally been hanpered by the small

i nci sions u for e 15 introduct.i on I rosg NS 1N the
surgery. Thé‘ﬂg{[ﬁ@?’e{rg? TP, %‘ﬁ@lﬁn? L4 Eﬁ‘ﬂ@g’gr%ﬁﬂ: P <§oé1§r%r;ri§§a[ rséoglge to
the conpl exsyigéry! &n Phistiiethbe OfSutiedy, el GRgih veates Bitotigh srdatlt insBions

| apar oscopi ¢ surgery nust spend nuch time training to master the technique.
The successusing remefelyaapated 2otaumenss.\Thrinshuments pascthaqygh therabdaeiBaly geon

to mani pul aj £40 Sand car ut _delA e | r@&p&gy f yat ed
i nst runent s%&nﬁ%ﬁguﬁg‘flgﬁsy%‘%&l g‘ﬁ&?’%s;o%%tg Y’Bglafs%e#‘?/h{; %% rgegnh?'g: d

i nsul28t ed f dlammdtéreral feéth Stoads infiiGimetfes. Wisidd B@provided hsingdelaparoscopehe
surgeon of tacti|e feedback and the ability to pal lp_)late dellcgéﬁestructures.

The sur geon"&idhoist typically 20vie 2Sneartunesres, IonE SnRaes NP-QRifuEE £H058
devi ce that teathdm! Yc% 3:9%@5 ezh%”ﬁééﬂdf@”%ﬁmt 'afgicg{rﬁt AR ggfseh?ér |G#CH{eng 1 N

dexterity and opérabil i e tot constrain elr I gn placed by

t he nature abddrhen. /B¢ ebdahannniss be insufitatad svithha gas wichas dableyn dwxideperss.
Anot her di sadvantage of | aparoscopy_ is that the i e Vi ﬁlv}}edgg% t.he .surgeon
is a two di FEFRSEBIQI MAMLYE »hubbleicfiest and dipvideaaiabls FIrke, sRase fpr the

Gi ot ke anAPSRETREHS the SprrL AR pipdSTEL P A 1 BEEAREEL! TR Buffitin 2nC

creates a working space known as the pneumoperitoneum. Trocars through which




structures during video | aparoscopy These di sadvantages have led to | ong
| earni ng curves For the practitioners of 5 |aparoscopic surgery) required
hi ghly ski L} &g, snq¢ co-ordinated surgical teans and has |im t,e(dr,;Eramem
applicatior. of laparoscopic surgery to relatively sinple surgica
procedures. Recently) new surgical techniques have been devel oped t hat
conbi ne the 10 advantages of both open surgery and | aparoscopic surgery. In
t hese new techni ques surgery is carried out using a | aparoscopi c approach
wi th the addimiwamot:. arsliseindd yrel eogeruciedad girevert: doal dfovet 38 Bl GROoMe D
insert a hand il@to the insufl]ated abdomen. This is often referred to as
hand- assi st edp Hﬁ%bst’ﬂiﬂ‘?"& SERGBRYUGPPHALESUM] HALS al | ows surgeons to
regain the tactile feedback and three-di nmensi onal perspective lost in the
conversion fromopen to | aparoscopic procedures. It also permts rapid
finger di ssecThonenenhandgdrasedp@ciurgerycapanirhérouesRansesy tthés heek been
haenost asis. There are several publications in the |literature describing
procedut es 20SHONfT Febe FRgHCadsduegloatieasiicnessofsd laage wistershl hivras denefs for
total and su 1 ' n L i QN
gastrectony, btgltgloﬁe%(gggg%?&agep%arré&%w ﬁlpcéln%dzg&g% 'oiIrr%/{e g’n eé%ﬁ{é’r tglg RESSET of
t hese proceduaresedusred spayaw hospitay, fastef arcbiidation agd actufpendmmilrdchvizy Olthey .

Over the past, fe ears,seyeral centres have been ipvestigating HALS wjth
surgi cal devi PRREEINIOIHE BealthEpre OTEATISAEICH: 1 4150 1flel o(tBF ZeHEISNEY HoDSRiRL ot
Wth the advephidfis DHESHeGh j st HehitRtch %ggrb‘%gt j e ed

t hat nore open éurléi cg? pro?:ggﬁ?g‘gﬁﬁ ﬁpebe coerb?%/tgne 0 %Sgrcgeégdures. The
key tol@he suibnfaster teturnao sosls snd hermhbaativity ofthe patiegery wil | be to provide
a 30 device that will seal to the wound edge and to a surgeons armto r
mai ntai n the WO 01); 321 1 ~ PCTIt E99/001 _3 pneunoperitoneum required
The device spihbver, itk 4 shiaRaF A RUARMATY perfndd 1 0hrbsdiclily B

Lateral and translati onaﬁS Pﬁgagfjelc?i on) It shpou be %%hsrs?tﬁ tgousegery

| apar oscopi ¢ reminingatremowa bf lange drgancpecimerssuoas hangdryafor eemoda\if tks
have been proE sed home%gr., o date, no h ng access device is aéfi | ab] e

t hat adequate ‘;’/)logd&’taésté tgnadly ebeeny, hampered bycthe srmall psisions wred {of et
al) deggri besyardiRHisE ol IoDiSRstuh@nkan kg during endoscopic
surgery. The device hagp?agafdrﬁfa%a | e tnor oi da?lﬁgéeigti ons |1 O connected by a
transitional section. The transitional section is said to function to allow

t he passage of,air,fromong toroid to.the other toroid on inflation qf the
' devi ce. Eacltn’Foth?rdH’laloéed&aﬁW‘ém of 1AParpSEQRIG | SPFESTY, 31§ Bé‘ﬁir}ﬁg i‘?‘?&gﬁ%e
stiffening ri j el Bk SUH b o d hid iNg
above the abdgrgntdrfglcﬁ \;\'gl @é@?.ug r Ql{nﬁgfeﬁg% ?‘gir?l Mﬁ? ttdlS ?&fntgltsaz clhlpggggéﬁg{vs stﬁﬁlgé;r& %gls:t ce
provi des a seaperbmenbrtime) raimngl o enaster the teahulighe T syacess| of lapapaseepian

Sert s ofd hacasuient Sfends opia SEoo fe-iiisecd OyEARHMHE FTBHH TR cBRY dt
relative to tlaglédtaRaki LARStendGiely ftuatd Mdheddntd Q¥heeuhately &f Mpathsadpic

extenal extension of the pheunopéritoneumis 20 described in US A 5480410 {
(Cuschieri et sutgery thecssutgeon deinsnlatedi Fomtheanaterialithat they) atg workangon, baisr

puncture site 4 n_.an abdoni nal | oy l,at.iqn.qa ses t dy
Cavi ty nto  AePale B Rerth oAt Meedeoland o SOIRTCE” peliBR, chficng

provi ded on tb&u@@l‘{éﬁefﬂcosugie%@senﬁﬁ?%ﬁ%cﬁ\@ insgumient, oberigadd)tierrieduced?fo bn
US- A-y14133 (CGolub et al) describes an endoscopi c surgical apparatus, to

enabl e 28 sur gdiswiceothat cmouss simply gctwate sinseumaRiSUEIt atréopeaTerfly fagang in

apparatus includes. two .pl at i ch engage_the, o . Ml ¢ s of
the abdoni nal GEXFEY A8d %P%@Wﬁ%‘%%g\?)‘%&ﬁ%ﬁ“i %ﬁ@?@gﬁ?@ ?{as%"(??a%%s
t hrough the opgkiRdGS thé nhfo®cResAAS itk Brdcars iBrovghl which tthe s naysp pasy. Weotherl d

not maintain conplete . . . .
disadvantage of laparoscopy is that the image viewed by the surgeon is a two

dimensional image on a video screen. The surgeon loses three dimensional



30 insufllation of the body cavity as gas can gradually Leak out through
the fl apval ves W t)1);3=l |I'" PCT/1I E99/U0t ~J and seal f he valve

confi gurat*&af<o makes it inpossible to extracorporreal i SECAAEWYEI whi ch
is preferred in hand-assted surgery deviges The device al so has a
conplicated construction A surgical glove suitable for use in endoscopic
surgi cal procedures is described in US-A-y26536 (Cartmll). The gl ove has
an infl at abl e_\,/_vr'C t sec%j n, \é*hi ch when_inflated, i§ aid to pro(\é/fi de a seal
bet ween the BUPEEOR OThERY A74 LRSS dy  WaltivArepses %r%@oﬂ'%‘”&l‘%v d°HERd
must remai n iudoes BeAY: ¢avd IMa}&Cap;' ntain insufflation of the body cavity.
Therefore this device also restricts the actions of 10 the sur geon.

US- A-522791 (Leyva) describes an abdomi nal retractor, which retracts an

bdom nal i ngi i i.di f hand i b ity. The hand
s passed i nisos LRt teRE 18T e RoreoRitn tiradve T8 FBEREdET 6Tt o
retracsor. 1{hpbioséofib4arbés), cliuideldHIBR) SRUCI] &S o A AL E B SeiRASEATRE ¥nd Whi ch

provi des access for surgical Instrunents to a body cavity during surgery.
seal i ng sl eebes limitedfthetapgl:taior.opiaparescopicsargeary o pelatively sintpie sutgheal body
cavity, the balloon portion being constrained to remain within the body
cavity. It igr%eg‘frleﬁ'ult to retract a 20 surgical instrunment through a

bal | oon portion and out of the body cavity, because of frictional

resi stance to the novenment of the surgical instrunent relative to the

bal | oon sl eeRecemlynendvodsusgicale téabniqueg hayearbest ogevelopedgehgt icombemerthbed in

US- A- 5836645 (,Cu 25 i gh i | ud th f 1 ti '
o ovedOnand AATARAEeS o0 Yol 4R ha i eeE 116, HRROTRRRIF SUeRdy 1 LH5E Hew
surroundi ng tdtBniga¥s §orgerPs SardRl A usiRt 4 ia%hﬁos&&&ﬂc%ﬁbfd&?‘:ﬁ Withitheadditiggon

a
because the surgeon's ?I oved hand nust remain in the body cavity sealed to
t he surroundichg sligulye largerninicisicn o albaw | that Susgeast to Hios¢rdod haadi ingo thhe

seal between.th u n's glaved hand and t sur rnoundi ng. tJi ssue )

ST o O S Pt L R e g b T R
hard is insegstgdry sitl@AtRe body cavity, if insufflation of the body cavity
is to be maintained. An apparatus and a nethod for carrying out mnimally

i nvasil¥e | aparoscopic surgery is also described in US-A-5640977 (Leahy et
al). A surgeqn,schand i assed thro ggéa l.ee CcC k ty,
t he sl eeve b%ss%“gdgﬁg?ﬂ‘?dgq ﬁgg@ﬁ_r eoﬁascgfef Xfegﬁ?? qﬁ%’%&%%ﬁ | a
Tone et al) QefpbabeIofnaRY RbAP@ionrém ofensSw %ﬁms@@;ﬁw precddires deaRof or
an obj ect passing into a body tissue incisjon, ile maintainin

i nsuf | | at i on P§Tmith&anid dingendiss .°CN,qupc%ﬁﬁaﬁonrﬂ%bﬂ@w&%giﬂi@i@éal ed
around the bedrebiaSLoriae sy 20eAnHuRiGRRAN BRANARu uABAbEY RbQHItk:"
20 carried out using 2 hand-assisted approach. These include total and sub-total
colectomy, rectopexy, Nissen's fundoplication, gastrectomy, splenectomy,
nephrectomy, pancreatectomy and others. Some of these procedures were
previously performed using an open technique only. Over the past few years
several centres have been investigating HALS with surgical device companies and
25 increasing the literature on the subject. With the advent of surgical devices for
facilitating HALS it is expected that more open surgical procedures will be

converted to HALS procedures.

The key to the success of hand-assisted laproscopic surgery will be to provide a

30 device that will seal to the wound edge and to a surgeons arm to maintain the



15 Devices for use during surgery which provide access to a surgical site
and effect a seal independent of a surgeon's hand are al so known |In general
devi ces of wdhis2tiype are positioned predom nantly external treTacboaizs
cavity, and are conplex, |arge and bul ky. {These devices prove difficult to
use because they are cunbersone and/or because of their conplexity. For
exanple) a flexible) fluid 20 tight envelope to provide access for an

obj ect passi s Lning

insufflation prtggsﬁglgnlngu@qg U& u?hé 3@9@@6@3(? éf:leae%?glr? 8?’“&[3’5“.
This is a conmtleoimgevaauera[nmltdjdl ngi aahumcbnzgpem N0 86E, UF 8fbuahek s&aivedid 0
the body tissue incision, and a second opening distal fromthe body tissue

i nci si on and WeAPSFSCoPS " IRSTUGEESS ¥ oedece The devi ce al so i ncludes a 25
housi ng containing a valve elenent at the body tissue incision. An access
port device for use during a surgical procedure is described in US-A
58039215 ( Bonadirmus hand @b@eeszdieviieespasfsénteh pmpdsbe hderiver ts eeyve hiltacteyws ce
is seal ed ar&md t he (ﬂ{a@ct at, the E’%&% ning and the device is also
seal ed at t h&<¥i58ys &uanlsthar adeqyate ess? eEe BOOBNEE23 ATRO 12/ C

US- A- 5741298 (MacLeod) describes a nethod for performing surgery using a
mul ti-functional access port. The access port has a sealing ring which
prot ects the BoadS¥E0478 i(Brnkérhofffatoal) desdribes laadéme whichel! saitocbe for use
surgical glove is gn&%nnected to t sealing ri to maintain, jnsufllation

of the body FEPIS (EELTH h&lgvice ss peinflarabls yerojad gstoRre
surgeofy s 9' c&@&‘gg e fn%ﬁﬁl Lectitdl gﬂ-letﬂaﬂ?ﬁoﬁﬁ kktitth fs's ?.\Ql)tof[{ln&?&ho

cavity | nsufl ation i mal nt al ne A surgl cal apparatu or use
during hand aa%bmst}mdpmsagerm diy fmmacmwmrendr@etl;e othet Gordéd oniihfatiomof the

et on. ThaSTELIEES, bt RHE R e it ity >
pneunpperi t o ?H&t%{orbﬂ%rlﬁﬂﬁg&édqﬁﬁ hiifioR B1cAER3 Sbobd't Ma%ﬁhﬁ?ve

to a surgeon thin t hen Dbe |nserte into e 1 ncision.
Thi s device iwalt eftatmﬂelh(yn | Brigaopt cleqnhows:hm davidei prbmnlepacsedsimwfwer in any

installation and comei elr al arts aéA-5906577 , {Beane QJWH'&
descri b®s a rEFRLIEMRY fbé@ﬂﬁﬁﬁ# bto P%%Sr ?}?JF&}SP 38 @gUEBEM S4R fﬁaﬁf&@r o)
forman openi Iﬂ&eh%%h@&gﬂsﬁ&i’dlﬁé‘c%ﬁl feBatisklof gﬁé@@ﬁ’a@xéﬁstﬂ&%gﬁ% fovERnt

retractor, and an object passe rdugh the device is. seale 0 mal ntain
20 insul at i onofiﬁlebbjecmhywcm/theyzarﬁhmmzﬂlm al so consi sts of many
conponent parts that nust be assenbled carefully. A catheter valve for
selective closure of a catheter lunen is disclosed in WD 92 / 11880 (Berry

et al). An el Ashedesl d‘evﬁeefeyﬁ:rhﬁn tahashesa ek 1ARABN f1tRE phabthép&Ronaid i25 a
hub to forman iris val ue. Seal |n is effected by rotation of the cap

rel ati 9@ to té@escribed m/\st‘s/SQS@@J@ Cnywbieri etealdr i Drss devige indedes @in enalossrdi ng
_HALS that Cogegle? %%Pl%‘?f&ﬁ %ﬂgcr?zgg Sith $h S8 A donkiBat Wafi" 1rufbbas BEe passat eeve

simlar to ot .
from the body cavity into the enclosure inflating it. A number of valved openings

are provided on the device to enable access to the enclosure interior.

25 In US-A-5514133 (Golub et al) describes an endoscopic surgical apparatus, to
enable a surgeon to access a surgical site through an opening. The apparatus
includes two plates, which engage the outer and inner surfaces of the abdominal
wall, and a sealing member, which inhibits the flow of gas through the opening. It
is expected that the seal in this apparatus would not maintain complete

30 insufflation of the body cavity as gas can gradually leak out through the flapvalves



30 AMENDED SHEET  15-12-2000 | E 009900123 ATR012/C -7a above. This device
al so consi sts of several conponent parts and has a conplicated installation
procedure. W8 ukAlldatcess port device for use during hand-assi SIEHEI 00123

| apar oscopi ¢ surgery is described in JP-X0-108868 (Tamai) Shitomura). This
device consists of a wound retractor conponent to which is attached an iris
val ve. The wound retractor conponent is nmade of two rings) an inner ring

and an out er.dd Qg j @icnad; oy i gdMENER s SHEEEs 1« Wpddible B L‘(lfatorpopgwsb an

E~)9/ 00 | 23 silastic sleeve to provide a retractive force. device is
i nserted | nt@rgan Whshsi opredrrded ke hand-gesed §uh;ar1dd¢\scmn§éﬁ:t®dxctem1wgh" the
devi ce. The |r|sl valve is then closed around the armto effect a seal to
prevent the %%%bcgtegfco”h%?[f?ratlon gas. 5 Generally known devices are
difficult to use because they are cunbersone and/ or because of their
conplexity. In addition, tight seals are often not namintained and/or the
moveneht of & svigigd@hevesumable ﬁoesm i endosopiconurgite prevddueesninydeberireden

i ch br ovi (e SPPRRT P Rl g ieaeeS BE: e dnaufbie st eeinlc ST MGG

the device, gifidtedisCid & gfaw&@h%eal @éwl/eeasue fs@r gHSEes hﬁamé\atm@%dge@m and
may be used repetltlvely m ni mrum del ay and mnlrrume fort

St at ement s off h¢ nSHEERANGN g)!@\(ndr dlang must heemainen i tha body ecavity ptovindindain

naving a i SEBAEP ST RCRBaT sRAAE: TheRdole tilflafice TR amilet e ReddhiGr

t ensi @0i ng newnardeonf aci litate axial extension of the twi sted sleeve
section. 25

US-A-5522791 (Leyva), describes an abdominal retractor, which retracts an
abdomina! incision providing access for a hand into a body cavity. The hand is

passed into a sleeve and the other end of the sleeve is mounted to the retractor.

US-A-5545179 (Williamson) describes an access assembly, which provides access,
for surgical instruments to a body cavity during surgery. A sealing sleeve is
inflated to form a large balloon portion within the body cavity, the balloon portion
being constrained to remain within the body cavity. It is difficult to retract a

20 surgical instrument through a balloon portion and out of the body cavity, because
of frictional resistance to the movement of the surgical instrument relative to the
balloon sleeve.

A method of performing laparoscopic surgery is described in US-A-5636645 (Ou),
25 which includes the steps of inserting a surgeon's gloved hand into a body cavity
and sealing the hand to body tissue surrounding the cavity. This method restricts
the actions of the surgeon because the surgeon'’s gloved hand must remain in the
body cavity sealed to the surrounding tissue to maintain insufflation of the body

cavity. The seal between the surgeon's gloved hand and the surrounding tissue



In a particularly preferred enbodi mrent the sleeve is twisted to provide the
tw sted sl eeve section. Mst preferably the sleeve is of pliable material.
In a preferwedyeirbodi ment the nmeans to facilitate axial extepgt/poghakhe
tw sted 30 sl eeve section conprises a chanper for a pressuring fluid.

() 4.3 11" PCT/1 E99/00 1 23 .J . In this case the chanber may be
defined by an outer sleeve section and an inner sleeve section 5 Preferably
the outer sleeve secti qul}?li s a substantially cylindrical sleeve section and

the inner sl eBW& ¥etdidiplistedeach ynedne Blosgd hapé s wiererd Whe thabed uenviyst ed
di ameter as {fralepfaddiPo@il 844 SLERYS: 896L LAy lga parti cularly pref erred
uned axi Ify ac fl

enbodi nent the sleeve Is onitself to 10 define the

outer sleeve section and the inner sleeve section. Preferably the reduced
| umen section,is of a snaller size than that of an object to be received
therein or paSSetPRATEMSt HidohgRethed fop cAriyang petmiringally énesiedlapaivseinient

on engagement g ke 3is Ok Ghschied P UL AUSERhd7MRRaRPEL bOAN ANGLBXLAL pBY rEnt

of the object tive thereto, the eeve evens 'so that” the iiner

sl eeve sect i opassed thyblighi agieeve ousceess dl odyocdvirg e srevabding séaled ashuad tht eeve
section and the outer sleeve section is correspondingly rolled over
inwardly to bBH8RA 8fAGABRed i nner sl eeve section. 20 Preferably the
chanber is fluid inperneable. Ideally the chanber is inflatable. Preferably
t he chanber has an access port for inflation of the chanber. 25 In one

particul arly piSeA&65687d0% (deddiTorre ettdlpditelosesan envelstes which 3¢ sdid vd Bréviae
nmeans tﬁ axially limt eversion of the sleeye. The device may have a first
eversi dN 1i ni 8FKE FR%R8 OBlecy BassingointexRePAdY |tssuss ingigiony MRt IBE cond

eversion |imty f 4 0N Al r Ly :0of, en.ig. ~.bU
1)4)r321 | pidsf %agggggfo%'g?owgﬁbgbﬁyﬂ%sﬁé’%%éé@rt\héeg’?v&ezfp%ér)\%%}H% areund
is an O nng, phechadyabsspedficision anila sstbndedpeningl is Sedled arcural anobeoepissede or
each eversion.limting,nmeans is housed in the chanber. The or each eversion
limting neanémPnr&%e ‘gellr%bl e axially in the chanber. In another
arrangenment there are two eversion limting neans and both are 10

i ndependently novable in the chanber. In a further arrangenent there are

two evelssi on Devices fior weeatwsingsurgaryt whidlgpravidersccess tpacurgieal sietandeaffechem
Igrerplr : 2 Eggg ﬁgﬁ;ﬁ%pagvgoff alpslgllrggolnes H%g ralrea Ial'so gg&rgal nygetnré?all Ae%c% %f %gms

type are positioned predominantly external to a body cavity, and are complex,

large and bulky. These devices prove difficult to use because they are

cumbersome and/or because of their complexity. For example, a flexible, fluid-

20 tight envelope to provide access for an object passing through a body tissue

incision while maintaining insufflation pressure is described in US-A-5672168 (de

la Torre et al). This is a complex device including a first opening secured and

sealed to the body tissue incision, and a second opening distal from the body

tissue incision and sealed to a surgeon’s forearm. The device also includes a

25 housing containing a valve element at the body tissue incision.

An access port device for use during a surgical procedure is described in US-A-
5803921 (Bonadio). An object is passed into the device sleeve, the device is sealed
around the object at the sleeve opening and the device is also sealed at the body

30 cavity.



| h 48 enbodi ment the eversion liniting nmeans conprises first ar|]§009900
second eversion limting nmeans attached at different |locations to th 123
sl eeve. Preferably the fast eversion limting nmeans is attached to one end
of the sleeve 20 and the second eversion limting nmeans is attachegraiz/c
anot her end of the sleeve. In a particularly preferred enbodi nent the
eversion limting neans are novable relative to one another for tw sting
the sl eeve. The eversion limting nmeans may be rotatable relative to one
another for twisting the sleeve. 25 In one enbodi ment the device includes
handl e neans to facilitate novenent of the_gversion limting nmeans rel ative
to one another. Preferably the device includes | ocking neans for | ocking
the first everBiSoA-I74i298 (MladDeod)adescribenti mettiod fotepafnraditlg avuegedy aling a
limting neans. _ ~~t3 r)rl1;3:1 t- PCT/IE9~)/001?3 - (I _In anather

enbodi ment of PHdtifeRGoNAbCcesseparbndhe areess e has p sealinging which progastsi thai ng
nmeans. In this he. t Pelsl AY GOpRki Se ri .
Preferably theb§ dg‘(’:atéldﬁ}cjlijs?r@?l ﬁ%%&%&@éd% g&glg I?ai’gagﬁg%grgggﬁgg%eelét
passi ng Sher et bomegted thOthlersealing amgewt mahetaigeinsefflation fofr the S dyncavity g €Tlis
The device may be, a forearm seal for use in carrying out hand assisted,

| aproscopi ¢ suf8icpl methog is afseaestyigtiye beraustthesurgeonsngloverbhand ruist remaine.

The devi ce may ' ' ' .1 s .into a body
t hrough an ope%%%‘geﬁa ih@%%agﬂggg{géﬁg&ﬁ%&@ﬂﬂ%@ﬁ%@@é%ﬂ%{#@%w@? an
envagi nator. In another aspect the device is a tissue dissector.
Alternatively the device is a trocar, seal. 25 Brief Description of the

Dr awi ngs_ The Ansusgicrbapparatus fer wee dusingdangd assigied smindmaily onvasiee susgeryvis ng

acoompadi ng. sBeanas i ES-Ristiap @ B8 iy Ystle B BLRE RGO Boa

-12 body tissue incision. The sleeve seals to the surgeon’s hand to maintain

pneumpperitoneum. Surgical instruments may then be passed into the sleeve to a
surgeon’s hand within, which may then be inserted into the incision. This device
is relatively large, requires a multistep process for installation and comes in several

15 parts.

US-A-5906577 (Beane et al) describes a retractor device for retracting the edges of
an incision to form an opening to a body cavity. A flexible sleeve is mounted to
the retractor, and an object passed through the device is sealed to maintain
20 insufflation of the body cavity. This device also consists of many component parts
that must be assembled carefully.
A catheter valve for selective closure of a catheter lumen is disclosed in WO 92 /
11880 (Berry et al). An elastomeric sleeve is attached between a rotatable cap and
25 a hub to form an iris value. Sealing is effected by rotation of the cap relative to the
hub.

WO 98/35615 (Crook) describes a device for performing HALS that consists of a

wound-edge retractor to which is attached a sleeve similar to others mentioned
30
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115-40-2dod s a perspective view o, a hand access device according thkﬂg 001
invention; Fig. 2 is a cross sectional view of the device of Fig. I; 8. 23
3 and 4 are a perspective view of the device being inserted into an

incision in the abdomnal wall; 10 Fig. 5 to 7 are perspective) pa&{%ﬁ&ky
cross sectional views of a surgeons hand being inserted through the devitce;
Fig. 8 is a distal end view of the device with a hand in place; 15 Fig. 9

is a perspective, partially cross sectional view of the hand access device
with a surgeons hand fully inserted; , 20 Fig. 10 is a perspective view of

the device in an internediate position on 27surgeon's arm Fig. 11 is a
perspective view of a hand access device i ¥%osition on a ' surgeon's arm

, " Fig. 12 I j i ' [ Rt e
seal i ng 25 enodbCiemtis 4P HEL A0 TR of teVehl o lorky dho i £OMM L
view of the devhsisllaafonfprosedureto 10 in position ready to receive a
surgeon's arm 4W Ul ), 3~11" PCT/ 1E99100133 -1. Fig 14 is a cross

sectional nmew simlar to Fig. 13 fully inserted through an incision Fig. IS

may be T ol ned: Al gctRs' Poft REREORGH Ve Ml Harfh ot RN, OB O
over; 10 Fig. Bsdribed ivtiJ®W10f108868 sTouE Sitohtgra). TThis device vbhdistsl of a wound

configuration; Fig. 19 is a side view.of the twi sted sleeve; 15 Figs. 20
and 21 are per Sp@eGPx, SOPORENY 1o (Whichis Ajtached apsBis: YalNe.of hg iwppRd TaHaeier

t hrough an acc j t J t L OO0 ELgS. t . -S| i ews of
t he devi ce of %ﬁ&p%%hfﬁnﬁi&er%?ﬁ?g%gg?a%@?n gF Hflﬂxﬁsatn gé&eﬁ{tgﬁr&ﬁlﬁ%ﬁﬁ% %r ough
the device; 20 Fig. 26 is a cross sectional view of an access device with a
circular cross sectional instrument in place; Fig. 27 is a cross sectional
view of an access device with a non-circular 25 cross sectional instrunent
in place; Figs. 28 and 29 are respectively plan and el evational views of a
non-tw sted sl eeve; WC OO 3~ 11 " PCT/1 E991001:3 I~ Figs 3U and 31 are
respectively plan and el evati onal views of a tw sted sleeve, Figs. 32 and
33 are respectively plan and el evational views of the twisted 5 sleeve with
an obj ect extending through the |unmen of the sleeve;

AMENDED SHEET



Figs. 34 to 39 are views of the twisting of a tube simlar to Figs. 28 to
33; Figs. 40 and 41 are a graphical representation of the angel of tw st
plotted | &QAguirst |umen diameter. Fig. 42 is a perspectivePgieaasni2a

twi sted tube with an el ongate object passing therethrough; 15 Fig. 43 is an
end view of the tube of Fig. 42; Figs. 44 to 50 are various plan and

el evational views illustrating the Formation and internal pressurising of a
thin walled tuhedslc20: fo @5videh fe@abilvar@cyarThods @) ANnddteb@lrey ahi@Raha Vi ews
illustrating the formation and internal pressurising of a thin walled

twi sted tubednfysurgpnisdagt amsesied frgsghithe deves I hedess ivehvalis gred cérsdd vi ews

illustrating_the.t | at i on. of el onga obj ect t.hr h a tw sted tube;
25 Fig. 68 i %}Oél?‘Sé‘E‘ggi%?? v ec\t/fié%qé? pée\%ghghea%%g%eso%gwof@gnwtgﬁs.an i nt egr al
glove; Fig. 69 is a perspective view of the gloved hand access device of

Fig. 68, in place; 30 15-12-200 | E 009900123 ATRO 12/C -15 5 Fig. 70 is a
perspeétive Weagraly kagomtisvichamg difficadistodesei hegause tthe yaaijeusinatisrsomene st/ or Fi g.

71 is a pers i i i.ng' s .in the access device of Fig. 70;
Frg 22 o aogrud BF EhetlicSlnpletd) e 3fdindh. ' Al VR Ry e Rof Inainegioed
sectional vi endtdr thedgioaémernf ofo b Ostirg@dns! 2118 Sis GbstHbRIOMA 7 Bf ddvibe miy 15
Fig. 74 is a_perspective view of a detail of a seal between the proxinal
rings of Fi gbeqomme dislpdgedirpm aawernds sectional view of another hand access
device with adjustable twist; Fig. 76 is an expl oded sectional view of part
of the proximal rings of the 20 device of Figs. 75; Fig. 77 is a sectional

view af0 the [Thete isftheteforpraonedthforra sealing devige, whichsprovidesteffectivd-s€alingd i s
an enl arged cross sectional view of a sealjing mechani sm between
means to seal an object passing through the device, and which is convenient and

easy to use, compact and neat, and may be used repetitively with minimum delay
and minimum effort.

13 Statements of Invention
According to the invention there is provided a medical device comprising :-

a sleeve of defining a lumen,;

20
the sleeve having a twisted sleeve section defining
a reduced lumen section; and ‘
tensioning means to facilitate axial extension of the twisted sleeve section.

25

In a particularly preferred embodiment the sleeve is twisted to provide the twisted

sleeve section. Most preferably the sleeve is of pliable material.

In a preferred embodiment the means to facilitate axial extension of the twisted

30 sleeve section comprises a chamber for a pressuring fluid.



the proximal rings of Figs. 76 and 77, Fig. 79 is a perspective view of
anot her hand access device of the invention; 30 AMENDED SHEET 15-12- 2000
| E 00990012vATRO42/ C - 15a Fig. 80 is a side, partially crosspégﬁg(;g% . View
of the device of Fig. 79, in use; 5 Fig. (81 is an enlarged cross sectional
view of a detail of the device of Fig. 80; AMENDED SHEET WO ()uU132! i"
-16 FCT/I E99i~0 | 23 Fig 8? is a cross sectional view of a sleeve used to
f orm anot her hand access device of the invention; 5 Fig. 83 is a cross
sectional view of the device fornmed fromthe sleeve of Fig. 82; Fig. 84 is
a Ccross secti ' { [ f JFig.. wel QL. at ed.. 10 Fj 85 is an
enl arged vi e\{/vrpg? : gﬁgg&%‘a%#}% [ﬂgygg\%ﬁg cgfbglf}rggu%tlge'f:\%g?&é‘g%i asr!:dagn wner

per spective vikew sefticanot her device of the invention; Fig. 87 is a
perspective view of the device of Fig. 86 being adjusted; 15 Fig. 88 is a
side, partially cross sectional view of the device of Figs 86 and 87; Fig.

89 is Vi e Pl r [ . i,.ce.narti.all. i,sassenhl ed: .20
e R S L g
re- assenbl edthe inher. sl@ve sentidndd A @isted sle8%e SeEbh @PRe MneVEnBistadOdifRuieses;

25 Fig. 92 is rospective, partially cutaway view of a further hand
access devi c@s &FPP&SC OM{EE Slee whsection.

In a particularly preferred embodiment the sleeve is turned axially back on itself to

10 define the outer sleeve section and the inner sleeve section.

Preferably the reduced lumen section is of a smaller size than that of an object to

be received therein or passed therethrough.

15 In a particularly preferred embodiment on engagement of an object in the reduced
lumen section and axial movement of the object relative thereto, the sleeve everts
so that the twisted inner sleeve section is rolled over outwardly to become an
untwisted outer sleeve section and the outer sleeve section is correspondingly

rolled over inwardly to become a twisted inner sleeve section.

20
Preferably the chamber is fluid impermeable. Ideally the chamber is inflatable.
Preferably the chamber has an access port for inflation of the chamber.

25 In one particularly preferred embodiment the device includes eversion limiting

means to axially limit eversion of the sleeve.

The device may have a first eversion limiting means for location externally of the
opening and a second eversion limiting means for location internally of the

30 opening.



Fig. 93 is a perspective, partially cut-away view of another hand access
device of the invention; 30 15-12-?000 -17 Fig. 94 is a view of the

devi ce of K @y,98,~ I n use; | E 009900123 ATRO12/C Figs. 95 isp‘ta%&%glﬁ(sgﬁtive,
partially cut-away view of a further hanq access S device of I'nvénti on;
Figs. 96 is a view of the device of Fig. @5) in use; Fig. 97 is a
perspective) partially cut-away view of a still further hand 10 access
device of the invention; and Fig. 98 is a view of the device of Fig. 97) in
use; Figs. 99 (a) to (e) are side cross sectional views of another hand
access 15 deyice according to the invention: Fig. 100 is_.a side cross
sectional Vi é\r/\ﬁ(br 9123’. L@%&F%ﬁ%’éf“ﬂ%ﬁ(ﬁm lge&eghdé(}ﬁc%”&éﬁ?e&rﬁ@ylo argplient

i nvention; 2@hakdrg! 101 is a perspective) partially cut-away view of a
further kind of hand access device; Fig. 102 is a plan view of a device
according to the invention; 25 Fig. 103 is an el evational view of the

devi ce of Fi : i d. 4 is a,cross sectional elevatiopal, view of the
Gevi co ot Fi dhofoarafasthent Be  enah BRTor oL Binafs SiowsGOR e clifinber,
102; 30 AVMENDED SHEET 15-12-2000 | E 009900123 ATRO 12/C -17a Figs. 106 to

109 are views illustrating the device of Figs. 102 to 105 with the sleeve
in an ext enddde§583ah gygrsion limiting means may be movable axially in the chamber.

In another arrangement there are two eversion limiting means and both are
10 independently movable in the chamber.

In a further arrangement there are two eversion limiting means and a linkage
means is provided between them. The linkage means may be of pliable material.
Typically the linkage means comprises a linkage sleeve.

15
In another embodiment the eversion limiting means comprises first and second
eversion limiting means attached at different locations to the sleeve.

Preferably the first eversion limiting means is attached to one end of the sleeve

20 and the second eversion limiting means is attached at another end of the sleeve.

In a particularly preferred embodiment the eversion limiting means are movable
relative to one another for twisting the sleeve. The eversion limiting means may
be rotatable relative to one another for twisting the sleeve.

25
In one embodiment the device includes handle means to facilitate movement of

the eversion limiting means relative to one another.

Preferably the device includes locking means for locking the first eversion limiting

30 means relative to the second eversion limiing means.



5 Fig. 110 is a plan view of a device according to another aspect of the
invention; Fig. 111 is an elevational view of the device of the device of
Fig. 110; ANEMDED!SHEET ~,vU 0013: ~ 1 -18 Fig ( 1? is a cprosaEmemtizonal
view of the device of Fig. 110; Fig. 113,is a perspective view of the
device of Fig. 110; 5 PCT/1 E99100 | 23 Figs. 114 to 117 are views
illustrating the device of Figs. 110 to 113 in a conpressed condition; Fig.
| 18 is an expl oded perspective view of another device according to the 10
invention; Fig. 119 is an expl oded perspective view of the sealing device
of Fig. 118 £ S o6 L1 OO0 Fi.g. 120 J

per spective @12&?%? t tﬁggg ?n%@gbv?%gﬁgggﬁ?gikﬁfgﬂnFﬁgan%gi%ig“%ﬁaﬁcﬂ

per spective seneonnfz tmbensseal i ng device of Fig. 118 with the sleeve in an
extended position; 20 Fig. 122 is a plan view of the sealing device of Fig.
118 with the sleeve in an extended position; Fig. 123 is an el evati onal

vl o 05 Lhe Al s SVIchSioflnganslhly Whlrbr0 BhiEEURapD an ext ended

posi ti on; 1S a pef%pe ive  Ccross sec |oﬁ Aew of the seal i ng
devi ce of Flg 118 mnth the sleeve in an extended position; Fig. 125 is a

per spective i%wg eal | n devi ce of f|8118 with the 30 ts)l eeve in an
ext ended pos¥fq ergoly % ced nlsepmon 1psized to sealing engage an object passing
therethrough.
10 In one aspect the device is for use in surgery.

The device may be a forearm seal for use in carrying out hand assisted laproscopic
surgery.

15 Alternatively the device is an endoluminal device.

The device may be an introducer for introducing an instrument into a body
through an opening.

20 The device may also be an exsanguinator or an envaginator.
In another aspect the device is a tissue dissector.

Alternatively the device is a trocar seal.
25

Brief Description of the Drawings

The invention will be more clearly understood from the following description
thereof given by way of example only with reference to the accompanying

30 drawings, in which:-



PCTIl E99/00 i 23 Fro. 127 is a cross Sectional view of another device
according to the invention Fig. 127 is a cross sectional view of the device
of Fig. 12Qy&%&p”{he sleeve inflated; Fig. 128 is a cross SSE%AQﬂﬁLpgie“/Of
anot her device according to the invepsion; and 10 Fig. 129 is across
sectional view of the sealing device of Fig. 128 with the sleeve inflated
and with the tubes axially extended. 15 Detailed Description In a first
preferred enbodi nent of the invention and referring in particular to Figs.
| to 16, there is illustrated a hand access device | according to the
invention 20 whi chEgn It Bi 8 RASEetiveSvieW MSEhEN Ace88ldelRe SR8IdIAYW (& the
surgeon's forearm2 on entry through a wound opening 3, for exarple 1h an
abdom nal wall 4. R&€®onng in particular to Figs. 16 to 19 the sealing
device 1 conprises a substantially tubular sleeve 5 of pliable gas tight
material formed froma tube 10 25 such as a suitabl e bioeonpartible

pl astics materi al . Fighg id s8R s Qcfichd WA ofitledelte Bpply g0 1 tself to define an .
outer sleeve section 11 and an 1nner s|eeve Section® 2. The tube 10 is

twi sted so that the axially opposite datumindicators 1S) 16 are
circunferentially aced-gpart as illustrated _in Fig. 18,  '() f)1)13:1 1"
PCT/ | En9104123 - 2o§i%ﬁve§ ang foare g, ReISPRAIVE Y1a pE e deVieh bemg 1,115612611' INtyaki ne

t her ebet ween a sea s d il oeninlfwher 2t) The inner sleeve section |2,
defines a |unen 25h§§rg?&3ﬁéln ["atTon of the chanber 20, the inner sleeve
section 12 sealingly engages an object extending or passing through the

| umen 5 The hang. agcess devi ce includes. an eversijon_limti neans for
the ol dBve 5 The EFersiba A% AFSPeRer AGIALY Croms Hrdonal S0Hs o0 AuBHys
first Oring 30, Whikdbéi eve 5 and a second Oring 31,.
which is attached to anlgé?g%ﬁghgggggﬁ#§g§?$&location on the sleeve 5. The
inner Oring 30 is of a suitable resilient 10 elastoneric material for
bunchi ng of the ri Qta.facilitate.ease .of inserti.qn i,nto a wound 3 as
illustrated in Fi gg% ’%ﬁglsﬁf&é"%“’s‘aﬁfg‘sglﬁ‘%wh AP m 2 t hr ough
the lunmen 25 of the device 1., the inner sleeve section rolls 12 along with
the arm2 and in rumthe outer s|eeve section 11 IS . evens. An effective
seal i 9dSmai nt ai nedFig: duisda tpeespentivgepartially orressrsectionsh viewi cofsthg haad ancesyri t y

of the body cavity ing.operat ed oh.l,s .maintained. To facilitate
insertion of the sﬂ?vgg%%‘@%eﬁn?ﬁ%$mi Y be used. In-this case the
device | is pre-twisted, and may be inflated prior to or during use. 20 A
wound protector section 35 of the sealing device between the rings 30, 3l
may be of a plasti FigHOds ampatspedtine vidvaof Masdeviagrin andnterinediase posiyon paMA t hat
of the main body of the sleeve 5. In this way, on inflation of the sleeve 5
the protector sect PP 8818 r et ches to conformclosely to the irregul ar
shape ofg the wound 3 and provide a tight seal to the wound opening 3. In
addition) the inner_ring 30 is.drawn 25 agai nst the inner wall surrounding
the wound 3, on inffligtlbds afperspectivecwicw of aThandaaecgssgdenane 18I ROSIOACPR & at es
| ubri cated rotatiogggéoﬁﬁgnﬁrotectok section 35 which facilitates insertion
of a surgeon's arm’3%. hner Oring 30 may have a |arger dianeter than
that of the outer Oring 31 to 30 create a tapering effect. This
arrangenent pronot %siaauo,r essure different whi ch

g.

j al . .
15 a cross sectional vie ot1 t%e device of Fig. 11 showing the sealing
25 engagement to the surgeon’s arm;

Fig. 13 is a cross sectional view of the device of Figs. 1 to 10 in position

ready to receive a surgeon’s arm;



<)i)~)~3=11! " -21YCTi 1 E991pD 1-3 a~~Ists !r)~ertl~n ~;t a surgeon~~
arm ? acthoguﬂ3§hn~c ~l:~ ~ntemal abdom nal prPSSUre. The iqyeqt:~n .
provides a device which allows | aparoscopic surgeons insert HEEP Y 1 Band
into the abdomi nal space during | aparostopic surgery and regain the tactile
f eedback, three dinensional perspective and general use of the hand as an
operative tool as it was in open surgery. The device is easy to insert into
a smal | incisionFgnd4 easyrotoseutidmdravwisiranadt el igan® filicinse@ed tHidagklani ce
facilitates ease of novenent within the device so that the device is not a
hi ndrance to the"8!9%erformance of the surgery. An effective seal is
provided to both the operator's forearmand to the wound edges so as to
prevent the escape of gases used to maintain the pneunoperitoneum In
addition the devFgelalldwmsédhe renoval of organ specinens fromthe
abdoni nal 15 cavity through the device for the purpose of either renoving
them<tonpl etely fromthe body or for perfornmng a surgical procedure on

t hem whi | e t hey e rarily. rep fr t b 0 .

extracor poreal i sg{ g lfét E‘Fafs) pglrs%érquﬁe?;%ﬁ?ggt &?F f?ﬁ@ vlgﬁgcgnp}eoﬁepgeaxp%\}aet he
operator to renofgemeie hand fromthe device and | eave the device in place

W t hout cpnprom sing the pneunoperitoneum 20 The device 1 consists of a
doubl e | ayer polyneric sleeve 5 through which the operator can extend a

hand 2 into the n, .Ihe .devij | 4 _h e i he abdom nal

i nci sion 3 by~ aﬁ@?&b‘é‘ﬁ%&fﬁg‘? él%?‘ﬁeggééé) Fégamghoqﬁg%og%ﬁ attached to the
outefgpl ayer of the sleeve 5. The rings 30, 31 provide an anchorage Z5 for
the polyneric slegeve 5 when it is in the abdom nal incision 3. A stopcock
val ve 26 and i nf Figil8ns ey dithesleeyrolitg; %u’c%wﬂétefiﬁppgg\é@%ough an
inflation tube 27 |l eading into the chanber 20 when it is in position in the
incision. When the device 1 is inits correct position and is inflated the
| umen 2~ cl oses Rigl 19Gs i kide di2wi sfxheealistedisledd@pi nst the edges of the
incision 3, thus preventing the escape W) 1)G.i~ 11 " PCT/1 E99100123
-22 ~~t oas fromthe pnf_unoperitoneumto the exterior either through the

devi of betweem;j.htyndevi G: . an f. 0 8] t
operggor' s hand ?Néés\'/viZt()h:‘i?rga1 t%r%ea%l ggésgggﬁﬁg%w& ﬂ@g&?%épgggsf@q gr?ma'rrll 25

wi Il close arounghstduenent thrdugingh aédegs levicsefthe snvehtibhat no gas can escape
fromthe pneunoperitoneum The 5 ~ operators hand 2 need not be within the
device 1 when it is inflated. The operator's hand may be inserted into the
abdom nal cavitygthr e s . i hS 1S
p0ssi bl e due to’ ENE LR Ze e SR o tPliclile GEFIG0 MILSradne fpade’

devi ce i s assenblisstirunfert iisbridnrthrowggh the dehige; it effectively seals around
the arm2 w thout constricting the arm 2 or preventing novenent of the arm
Ful | 20ot ati onal , angul ar and transverse novenent for a surgeon's armis

al | owed using thedey] ce O§su g%ﬁoﬁlﬁfé"%% de s seasl hxwk@%ﬁiﬁ acikahier &ges

abdom nal incisian®prior evice sits in the incision
W t hout distorti gectichabpsgumentigasladey i nserted through the

Fig. 27 is a cross sectional view of an access device with a non-circular

25 cross sectional instrument in place;

Figs. 28 and 29 are respectively plan and elevational views of a non-twisted

sleeve;



| umen 2~ of the device either inits inflated or unaniatted state. The
device 1 inflates quickly and effects a seal around the operator's arm2 to
facilitatevexeaiiiton of pneunoperitoneum 20 Referring to Fi gecT2091001227
there is illustrated another 'access devilde 40 which is .similar to that
descn' bed above with reference to Figs. 1 to i9 and Like parts axe assigned
the sane reference nunerals. In this case the device 40 is used for
insertion of an i Asgrdtemt %larsThspeastetupbnt add etepubgalofieanyofsyinkakRle
cross 25 section such as circulax (Fig. 26) ox square (Fig. 27). The device
40 operates in exélé‘ﬂey the sane way to the device 1 as descri bed above. The
principles which underlie this invention will be nore clear fromthe

foll owi ng description with reference to Figs. 28 to 67. 30 ~> j)1)3=11"
-23 PCTIl E99/ Q41Eigs. B2-an2-33 areapipecdvelytpgien andwidvatidnhubewsfoffthe abised

mat er i %I. It can br cons'éder d as a nunber of |ong tudlnal elenents,

typi cal® of which PECYHEIRRBPBICT Rtandingdhrqughithe lumer ofthe SlesYepassi . ~. g

t hrough the tube, the diameter of which is the dianeter of the t~.|be.

Rot ati on of one end of the tube relative to the other end about the axis of
the tube causes t Hégst 3 Idatewiaws ofithe timissingooffa tybe ainitar tolfips 28mo B3;g. 30.
The elenment A-Bis nowinclined to the axis of the tube but still remains a
straight elenent. It is clear that element A-B in Fig. 30 appears |onger

t han el enent A-B ipRye2 i ; s ahtaf neL&t t hat
a force nust be agp ] gg(a%lg 4%%%?%&%%?%%%&% otfﬁ?élagpgln%ati or?%rféﬁ t he
absentd) of such aagainstdumienrdjemeten of the el ement A~B woul d not occur and
the overall length. of the tube would xeduce (not depicted) in order to
accommopdat e the change in geonetry. At angles of twist |less than 180 the
element will not i i t %?? k i & REietthe
poi nt of cl osest gn%x%@fj% ﬁ[egfpteﬁié#e;;ifgg dIﬂf\t?ai st delt&sbﬁn’?rhaﬁ gﬁ ég?néaa?% afﬁﬁéet IS
el ements at their passimptheteshrioligh; defi nes the mi ni num di aneter of the
reduced lumen formed. This dianeter can be cal cul ated know ng the ori ginal
tube dianeter and the angle of twist. The profile of the tube takes the
form ofs a wai st edpigeryedn @hd KW 8f BeTuBd8PFig. 4Di s profile is not
determined by the shape o? any individual el énent or elenents but is the
effect of a section in the plane of the 20 tube axis taken through all the

el enents. Before pr.oceeding to the .effegts of, the i.ntroducti of . an .obj ect
into the reduced &{igﬁen :'S??qOCGT%F’aHBW éga%t?dlgl Speﬁétll?%ﬁ!eﬂlémsl ﬁﬂ‘étr%\g}ﬁ]s as

they appear in t heophaion/dfinkrial prssuflsing!dfa BiE RS nibed; St T ai ght . 25
Clearly, if an object of smaller dianeter than the reduced |unmen were

i ntroduced into the reduced |unmen the object could pass through with out

maki ngscontact wth the wall. of the red d . 3 ot
be pos%qbl e for tf?gg%‘ u%% tp oglgraf‘?) VaFoRy é’g%g %{H;gg%}afléﬁil\kl]\%{%%j g@’?ﬁgﬁg %é(;er
to acconmodat e t heohhhticilaied inedin8if pressueiBirRCdf 20thin #ated twisted fule;amet er) it
i s necessary chat each el ement deformor bend 30 ourward thus form ng an

i ncreased |unmen. This can be seen clearly in Fig. 32. '
Figs. 62 to 67 are various side cross sectional and end views illustrating the

translation of a elongate object through a twisted tube;

25

Fig. 68 is a perspective view of a hand access device with an integral glove;

Fig. 69 is a perspective view of the gloved hand access device of Fig. 68, in
place;
30



"W ) =l t' PCTIIE99/0C0 ~.1 Al the elenments are now defornmed. As before
t1 F%Zi')@oan apparent increase in the length of the elenents A so as!b&08pe)123
in the absence of a force to elongate the elenents the overall |ength of
the tube will reduce to accommopdate the change in geometry (Fig. 33). So it
wi || be understood that the |lunmen has increased to S accommpdat e t4#RO12/C

i ntroduced object with out stretching the material of the tube and that the
tube is intimate contact with the introduced object over at |east part of
its length. The application of an axial force to the tube will cause the
now deforned 14 elenments to try to straighten. Because the el enents of the
tube do not lie in the plane of the applied akd-al force there will be a
corresponding radially inward force. This tendency toward strai ghtening of
the elenments will be restricted by the presence of an object in the | unen.

he inserted object ' Ao Ageararaeanpy o anbies ARy ditess Beffe St adfibehl

tube and the insertesisgbj ect. Referring to Figs. 34 to 39 consider the
hol I ow cylindrical tube showm in Fig. 35. The wall of the cylinder defines
a lumen Phrough its centre. Consider a linear 20 elenent A-B. If the upper

edge of the tube is | i A Wl . he
position shown in Fpﬁﬁ?gﬁggégﬁ%%ﬁle efﬂﬂﬂgﬁﬁl’s%&)@%%lalccégfldhlggéfﬂé@,
straight line. The tube will distort into a nomnally hour glass shape with
a reduced lunmen at md_height. The dianeter of the lunmen at the neck of the
tube is dependant oHi& ﬁ@1%%513@‘6¢Wﬂ§nthqu8ﬁ7/\%frf‘lgh@,upper edge is rotated
through 180 25 the lunen will close down to zero dianeter. At any

hori zontal plane through a twi sted tube the material nust be winkled and
hence under conpresFig §3Hoanrsdsrseetondlfviéw of hedegdil oppraxival tihgs ofthei device
unaltered then the elenent A-Bis a twi sted tube, being longer than in a

pl ain tube, nust beofBigerlit ensil e axial stress. If the tube is free of

axi al constraint the overall length of the tube will reduce. 30 W{()

00i 311" PCT/1E99100123 -25 rl~~r of c~~w,c ils lunmen dianeter Fio. -1!
shows the iunea di aPig 14 {s0¥ pespectiver vipar of andetdil bhia dedbbettwernrthe proxim4lDl )
for angles of twi st (E) cromO to 180. The lumen dianmeter (D2) is

cal cul ated from D2tiBgiAfBigs{®/ 21. As can be seen, the lumen dianeter is
|ndepenc1 nt of the tube length. 10 ~lon~ ate ob'L, passed throug,~ tw sted
tube As Can be seen fromFigs. 41) 42 and 43 the angle of tw st necessary
to collapse |5 the FigieT5 &f aactasbesettiondievidwaotteothel kandeaocreyatdevidsj wuth
passed therethrough |.s d @ endant on the ratio of the tube dianeter to the
di ameter of the el of lfwé%t The angle of tw st can be cal culated from
E = 2{cos'' (D2/ Dl)}

Fig. 76 is an exploded sectional view of part of the proximal rings of the
20 device of Figs. 75;

Fig. 77 is a sectional view of the part of the proximal rings of Fig. 76

assembled;

25 Fig. 78 is an enlarged cross sectional view of a sealing mechanism between

the proximal rings of Figs. 76 and 77,
Fig. 79 is a perspective view of another hand access device of the

invention;
30
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2G-whexpoE is the angle of twist) D1 is the tube diameter, and D2 isob8goo122
di aneter of the elongate object. Although depicted as of circular profile,
a tube of sufficiently conpliant material 25 will conformto many non
recursive profiles. For such a profile D2 .is taken as the smalles{irqio/c
di aneter which can be inscn-bed within the profile. Twn wal |l ed~ressure
vessel under internal pressure 30 Referring to Figs. 44 to ~0 consider a
thin wall ed tube as shown in Fig. 45a. One end of the tube is fol ded back
on itself as shown in Fig. 47 and the free ends wul)n/321 1" 26 _
PCT/( E99/00 t 23 conjotnc;d Wat is deFtngS is essentially a twin walled
tubr: (or i~wo coaxial tubes conjoined at thei’# ends) with an encl osed
vol ume bet ~veen theghs i d; ; ' i |, edg tilbe
in an axial directi ggg'@ itélga %lﬁ%'r@gﬁac%wgrdég ggcgﬁugggfgug?ﬁhg (liér?![i% qrﬁﬂ;l%’ezgc’l ](&)&sed
vol une. This causesusdje outer tube to be subject to tensile axial stress
and tensile hoop stress. The inner tube will be subject to tensile axial
stress and conpressive hoop stress. As a result the diameter of the |unen
reduces and the | ungg | ; gﬁﬁﬁ' i i1l fq [
but cons?r ained by t 'ngul%g? tu rg@& %%s@%%ﬂdh%%vﬂ%&é?@%ﬁlﬂgf?@? dggﬁgﬁ)gfﬁ%rren
can be obtained by 88 introduction of a twist into the tube. The tube
shown in Fig. 52 is twisted as shown in Fig. 54. One end of the tube is
fol ded back on itself, as shown in Fig. 56, and the free ends conj oi ned.
This configuration defuses two coaxial conical vessels conjoined at their
bases and at a comon apex. However the commbn apex is not constrained to
remain in 1S this configuration. In reality) the inner and outer tubes are
free to behave as individual tubes each with half of the original tw st and
as such the conposite tube can better be defined as two coaxial hour glass
tubes as shown in Fig. 59, each containing half the orig;nnal total tw st.
As both the inner and outer tubes are necked they each are subject to
conpressive hoop stresses. 20 Next a pressurised fluid is introduced into
t he encl osed vol une. The introduction of the pressurised fluid extends the
i nner and outex tubes in an axial direction, E reducing the lunmen dianeter.
The auter tube is a necked hour glass tube with conpressive hoop stresses.
1'he introduction of the pressurised fluid also induces 2~ tensile hoop
stresses, negating the conpressive hoop stresses induced by the twst.
Since) toremain in its tw sted configuration, the tube nust have
conpressi ve hoop stresses and since the pressurised fluid overcones these
conpressi ve stresses the tube untw sts and takes on a nomnally cylindrical
configuration, Fig. 61. Since the inner and outer tubes are conjoined) as
the outer tube untwi su the inner 30 tube twists nore in response. Since the
outer tube now has no twi st the inner tube WO Opi3.", I 1' -27 PCT/I
E99100123 nmu~~t have all tht t.va,t, if the ony nal total tw st were 1gU"
then the |l umen woul d dose tucslly Adctitic~na(ly. chc msr~rt~i|l defining
the Inner tube will be central within the diameter of the outer tube. T nis
confiaurat)on will for brevity be called a Cycl ops.

AMENDED SHEET



S Translation of an elon ate ob~,ect through a Cvcl ovs Consider the
arrangenent depicted in Fig. 62. A shaft is passed through a I O Cycl ops
with the Iur@@(,’i)/ﬁ,lr‘mt ual contact with the shaft. The outer tube of the
Cyclops is resting in nutual contact with a fixed surface. CO&I'EORSi nt s
of contact A) between the Cyclops andjghe fixed surface, and B, between the
shaft and the lunmen of the Cyclops. As the shaft is translated, as shown in
Fig. 64, point Aremains fixed whilst the | eading end of the lumen rolls

out. Since the | S Cyclops does not change in overall length the -trailing
end of the outer tuhg 8Dl 8 deissasclORIICHER ot 1 sibdd w8 BPRAEMothbRhatde
shaft translates to the right twire as far as the Cycl ops. IS 1S exactly

the notion of a cataeeqssideaice of thekaveftiom t hi s poi nt of view a Cycl ops coul d
be considered as a three dinensional caterpillar track. Since points A and
B on the Cyclops do not nove relative to their correspondi ng 20 positions
on the spaft and t fs ; ' [Ho [ t he
transl ati on of the@%a?%?g?%igg?&é%@?? Eeev‘/ é{/??e ogéshﬁ%rs&@rggn% attg%ﬁp%get hg

ri ght by approxi matlagy83;ts own | ength. The material which had originally
formed the inner tube has rolled out to becone the outer tube and vice
versa. In other words the Cycl ops has funed inside out. Since the inner

t ube of the Cycl opFipsed i : i ' : ' .the point B
remai ns in contact q:v}#'t%i ?ﬁ?ﬁ%ﬁﬂ%ﬁﬁﬁe@fﬁ&%ﬂé@{:& &(}‘Pg{geééﬁg%g%’ it's axis
as depicted by arrow C {in this instance approx. 120. In order to obtain
this translation t re&sj stance required (o pbe overcone is that generated
as the Méading andrﬁgaﬁgpﬁ’@eé‘f‘?déedo‘ﬂew?@a‘gﬂﬁ'ﬁ%tﬁﬁé%ﬁrﬁf@&%y roll out and
roll in respectively. 30 15-12- 2000 I E 00990012; ATR012/C -28 5
Referring to Figs. 68 and 69 there is illustrated another access device 50 °
which in this case Higs8&Gisgl perspestve viewmfahothiet device aftthainivertiodier et o t o
recei ve a surgeons hand. Referring to Figs. 70 to 74 there is illustrated
anot her hand access device 55 according to the invention. The device 55 is
simlar to those deFgr§ppGt e REeR ol thedevide 6t"Fi§. et dtfud;St 1S

adj ustable in situ. n this case the sl eeve 5 has an inner ring 56 simlar
to the lﬁng 30 and an outer ring assenbly conprising two 10 interengagabl e
rings 57, 58 whichareqgofatable relative to one.another, to adilst .t he
twist in the sl eeveﬁg 8%-%& Fﬁﬁg&arg ty ggssasfegnggpianqu{’gl& 4%9%18%%1%4 seal
60 is used to prevegp air egress. The seal 60 has a head part 61 which is
housed in a female recess 62 in the ring 57 and a sealing part 62 which
extends to sealingly to engage a projecting part 63 of the outer ring 58.
15 Referring to Figgs. .and 78.there..s JJ lustrat.ed a her adj ust.abl-e
twist device 70 which gélssq Y?FY’&P“#%? @I#ég'oégﬁfﬁe g%“f)efp Egﬁsgﬂggffg, and

| i ke papps are assigned the same reference nunerals. In this case snap
projections 79, 80 engage on assenbly of the nounting rings 57, 58. Ta
ensure gas tight scbig ﬂglﬂﬁmﬂémﬂﬁ@rﬁlﬁgﬁﬁWhﬂmdweaﬁFw'ﬁtfémlgﬁal i ng
ring 81 is provided. The sealing ring 81 is housed in a recess in the nale
part 82 of the outer mounting ring 59 and projects into the space between

the two rings 5?) SPig. 9Ta a8¢ 9P chdds sedmal views Betwadevidgesegral proj ection
92 of the lower ring 58. Mounting ring seals 93, 94 are used for

25 Fig. 92 is a prospective, partially cut-away view of a further hand access

device of the invention;

Fig. 93 is a perspective, partially cut-away view of another hand access

device of the invention;
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mEnpiaomot he sl eeve 5 to the outer and inner mounting rings 57, 58, |E 009900123
respectively. 25 30 In each of the devices 55, 70 the nmounting ring 57

i ncludes a side port 95 having a passageway 96 for entry of an inflation
gas into the sleeve 5. The nounting rings 57) 58 are rotatable relﬁ,{&g/cto
one another to tw st the sleeve 5 and so reduce the dianeter of the [unen
25 defined by the sleeve 5. The relative rotation is effected AVENDED SHEET
1 S-12-2000 1 E 009900123 ATRO 12/ C -28a by gri ppi ng opposed handl es 97, 98
on the mounting rings 57, 58 and turning them This causes the sleeve 5 to
twi st froma configuration 28 where there is EZ AMENDED SHEET  ~~U

Qo >3211" 29 PCTI |1 E99J00123 t' NI~C CU, for exanple, a 9U' twist or a 18U
twi st ~n which the [Flig‘[migﬁvi@v§f@§%viczh§ﬁg_r%,ﬁu§; may therefore be
pre-twi sted or rlvisted during a surgical procedure. In use, the sleeve 5
is untwi sted and the 4-ring 56 is inserted through a wound S opening 3. A
surgeon then inserts,.hig-hand through the sleeve ~. The rings, 57, 58 are
relatively rotated ?6gst RF 4t atﬂ‘?55p§f:%g‘?lé’aﬁnﬂiydc‘é%a‘?aé’d&’€g ?é%?&ﬁh’gnhﬂ} MRSy
The sleege 5 is thegevigé bpfiRdntentiont r oduci ng pressurised gas through the
entry port 95. This causes the sleeve 5 to extend in the axial direction,
and the dianeter of the lunen 25 to reduce, further enhancing the seal. The
surgical procedure is then 10 carsjed aut. pl etion of the surgical
procedure, a conbi nﬁgsoﬁgbﬁfaHﬁWIOJ{ti‘%ﬁe‘ﬁlﬁﬂpgﬁquﬁg%ﬁang of the sleeve 5 is
used to allow a surgeon to renove his hand. In this way) if required, the
gas seal may be nmintained as a surgeon renoves his hand and when the hand
is fully renoved. 1Fign@/ ideaperspeetivé, partially cat-awgy ddewcef asstilhfirthier hand
adj ustatllge on site and inp sit sd’ Suﬁlgé a, $a ticular patient) surgeon and/or
procedur€. . The mo@ht5h e‘??en@. FIVERHOD; over one another as they
rotate relative to one anorher. It is desirable to have a snmall frictional
force acGinng between the surfaces 20 as they rotate relative to one
another to faalitat &igp&8ds anvieypef theidswicefof Hlig Mein esg; 55, 70 and al so to

mai ntain the desired sealing contact between the two rings 57, ~ 58.
Referring to Figs. 79 to 81 there is ~.'llustrated anot her surgical device
100 25 according tVvFide 99nuped i(@arel $idé leréss CREGo1mM) Viewe of lanbeher tanidagccess
engagenent nmeans in the formof a radially and axially extending |ip seal
105 to dfgage an i nAGYiCeAFqOrding 40 the INFERLQR; t he wound openi ng. This
faalitates positive |ocation and

Fig. 100 is a side cross sectional view of a yet further hand access device

according to the invention;

20 Fig. 101 is a perspective, partially cut-away view of a further kind of hand

access device;
Fig. 102 is a plan view of a device according to the invention;
25 Fig. 103 is an elevational view of the device of Fig. 102;
Fig. 104 is a cross sectional elevational view of the device of Fig 102;

Fig. 105 is a perspective view of the device of Fig. 102;
30
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-Eg?a enent of the device 100, in use. W) 00/321 1I' PCT/1E99/00123 3~)
to Eigs. 82 to 85, there Is illustrated another device 109E 009900123

this case an inner liner or G adder 110, extending between the outer and

inner rings | 11 ) 112 is provided to ensure that the inflated sleeve 5

interior is naintained sealed while the rings 111, | 12 are rotat @dRO12/C

relative to one another. 5 Referring to Figs. 86 to 88 there is illustrated

anot her surgical device 20 according to the invention. The device 1

conprises a first Oring 201, a first outer nmounting nmeans in the formof a

Oring 202 nounted in a first receiver 203, and a second nountzng nmeans in

the formof a Oring 205 nounted in a secelfth-recei ver 206. 10 The receivers

203, 206 are in thi o e |niﬁ§connecta le as illustrated and a fourth
Oring 207 is provi arfeviews dilystratingthe deyise of Bigs di981tp. 10R witheve
210 of flexible plighl xtends fromthe second outer
receiver 206 to the F§§?Qgﬁ%ﬁ8§$g§%f % 3. The receivers 203, 206 are de
15 mountable as illustrated in Fig. 87 to facilitate relative rotation

t herebetween in the direction of the arrows to vary the degree of twist in
the sl eefe 210. RefBig%ildf s plagsview af@ gewsmﬁ@rdmg tq @aothgr agpens sifhide
surgi cal device 220. w@ §§hls simlar to the device 200. In this case the
Oring 205 is de- moGNTAbl® fromthe 20 receiver 206 to facilitate | engt h
adj ust ment of the sleeve 210. On renoval of the C}ring 205 the sleeve 210
is adjusted to a desired |length d. In this way a single device 220 may be
used for a variety Big ihl isangleationabyigwnefithe dmée pﬁa’memcméfég 148+ ned by
the twi st does not need to be changed to cater for a range of abdonen

si zes. The excess sleeve nmay be cut off or wound around the O-ring seal 25
205. Referring to Figs 91 a and 91b there is illustrated an assenbly of two
surgi cal devices 250) 260. The device 250 is a forearm seal and the device
260 is a wound protector retractor which is assenbled to an outer sealing
devi ce 250. The sealing 15-12-2000 i E 00990012 r1TRO12/C -31 device 250
provi des an outer seal ed access port through which a surgeon may insert his
forearmor for insertion of an instrunment or the like. 5 Referring to Fig.
92 there is illustrated a nodified hand access device 155 according to the
invention. In this case an inner ring 156 is enclosed in a pocket 157 on
the sleeve 5 while an outer ring 158 is free to nove between the walls of
the sleeve. 10 Referring to Figs. 93 and 94 there is illustrated another
hand access device 160 in which eversion limting rings 161, 162 are free
to nove axially inside the sleeve 5. The device is used as described above)
the outer ring 161 engaging the outside of the abdom nal wall on insertion
tolimt eversion into the incision. The inner ring 162 is free between the
wal | s of the sleeve 5 when the sleeve is fully evened into

AMENDED SHEET



15 the wound as illustrated in Fig. 94. On wthdrawal of a surgeons arm
eversion of the sleeve outwardly is limted by engagenent of the ring Z62
agai nst the“hgﬁ%gﬁ_of t he abdominal wall. One advantage of this arrangenent
is that the sane“device may be used fpg.a wide range of diffBFEHEI0012

t hi cknesses of abdonen. 20 Referring to Figs. 95 and 96 there is
illustrated anot her hand access device 165 which is again simlar to those
descri bed above. In this case inner and outer rings 166, 167 are not
attached to the sleeve 5, however a linking section 168 of pliable materi al
ext ends between the,ri . : 40Q: o,Fh.gs. 97 and 98
there is iIIustratgﬁ éggﬁﬁéf Sékgﬂggggggﬁgg§§gggfggFggkéﬁ%ing to the
invention. In this case an inner ring 171 is held in a desired axial
posirion in the sleeve S by adhesive tapes 173. An outer ring 172 is free
to nmove axially wi Fi& hll k@ perspsouve BowNENDiYiGHEEHIg. 116 12- 2000 | E
0099001%3 A LKUt zi (~ -32 Referring to Fig. 99 there is illustrated another
medi cal “devi ce 700 according to the invention which is simlar to those
descri bed above anwigsi kit RAIIBaRXFeds HEHAENE tRe YaRe bEFRECNES tHUTBNAILS
The device includes a shielding device to shield the 5 existing connection
bet ween the rings SomprisedTaBAEIRNG| d shiel ds the sl eeve section 35 that
engages with the incision fromthe axial tensile force. This facilitates

i nproved conformty to the incision nmargins and enhanced retracti on and
sealing. In this c@je 19 ahd:@loiedperspetiive Viewdfahnothek dbvicd @dcottiinghto itige Of
Iighterggauge than 10 that of the nain sleeve 5. There is a hole 702 in the
mai n sldeve 5 whi cHIVERHORis air access to the chanber 706 between the main
sleeve 5 and the film 701. The hole 702 may be covered by a valve such as a
non return flap valve 705. The shielding film701 is illustrated as '
deflated in Fig. 9% 1ADtiean erploded porspective e gfthe séaling deyicesofi Figu$td at ed
in Fig. 99b and a better conformty to the.incision is achieved as
illustrated in FigW ?slwevﬁageﬁénéﬁ@mﬁenmy then be used to allow
deflation of the inner sleeve for inproved access as illustrated in Fig.
99d.

15 Fig. 120 is a perspective view of the sealing device of Fig. 118;

Fig. 121 is a perspective view of the sealing deﬁce of Fig. 118 with the

sleeve in an extended position,;

20 F_;ig. 122 is a plan view of the sealing device of Fig. 118 with the sleeve in
an extended position;

Fig. 123 is an elevational view of the sealing device of Fig. 118 with the
sleeve in an extended position;

25
Fig. 124 is a perspective cross sectional view of the sealing device of Fig.
118 with the sleeve in an extended position;

Fig. 125 is a perspective view of the sealing device of fi g118 with the

30 sleeve in an extended position;



Referring to Fig. 100, in this case the shield is provided by a
conpressible foam |ike sleeve 750. The foam may i nclude stiffening neans
751 as illu t.ed-in Fig. 101. It will be appreciated that LShiel d my
be of any sﬁ?%gﬁrﬂ material. 25 Referring to Figs. 110 to 11%??ﬂ§$@$“
illustrated a sealing device 300 accorldmg to the invention. For a clear
under st andi ng of the principles which underlie this invention) reference
will be made to Figs. 102 to 109 which illustrate a sinple sealing device
250. The sealing device 250 conprises a tubular sleeve 251 of pliable
material nounted arga fokrsty @Adkst @ctohhl Ste W N ddige  MBANSe ads [egat 30
a second end to a second nounting nmeans. The first mounting nmeans I's a
AVENDED SHEET  15W2e@00 -33 | E 009900123 ATR012/C resilient ring 252)

t he second nmounting neans is a resilient ring 253. The sl eeve 251 defines a
| umen 254. The rings 2S2) 253 are rotated relative to one another to cause

the sl eegve 251 to ] o L i t of Joupen, 254, 5
The sl odve 251 i 5 |1 aat S Sor Yo BF v bF B e OEE B, 180 Bty B Qb
to 105. The rings &fld}ed253 are noved away from each other in the axial

direction) thereby extending the sleeve 251 and reducing the Lunmen di aneter
further) Figs. 106 to 109. 10 The sl eeve 251 is seal ed around an object

passi ng through the; n; rndel Lk '! i 5 53 rel.ative
to one anot her) thg} ébl%tl\?m'zag:}:f%% %%cgsg?je)eve %qa%@%%dg%ﬁﬁé at%%% &}gagpetﬂé of
the lunmen 254; or ifveftion; ang novi ng the zings 252, 253 away from one

anot her_in the axial direction, thereby extending the sleeve 1 and reducing
the di #%ter of the | umen 254; or (iii) by a conmbination of (i) and (ii).

,. 20 Referring togp : . re, L] r S i vice
300 which is sinil gr@ 29 F%Qfgégﬁjckén%ievﬁ iFg’eb%gls%apﬁ‘?i‘geéﬂl%ﬁgv?{gogﬂgn i ke
parts are assi gnedsle¢we inflared and erdnthe tobeserddlly. extandelli s case resilient
struts 305 are connected between the first resilient ring and the second
resilient ring. As the two rings are noved 25 together) the struts 305 bend
outwardly in a buckling manner. This causes the tw sted sleeve to take up a
flaccid configuration increasing the Lunmen dianeter, Figs. 114 to 117. The
mat er i alS prop&kﬁﬂkﬁlﬁﬁ&ﬁmﬂxstruts 305 cause themto unbuckl e when rel eased.
The struts 305 spring back to their straight positions parallel to the

sl eeve axis) Figs. 110 to 113. The unbuckling of the struts 305 noves the
two 30 rings away fromeach other in the axial direction and extends the

sl eeve, thereby AMENDED SHEET 15-12-2000 -33a | E 009900123 ATROI 2/ C
In a first preferred embodiment of the invention and referring in particular to Figs.

1 to 16, there is illustrated a hand access device 1 according to the invention
20 which in this case, is for use as a seal for sealing a surgeon’s forearm 2 on entry
through a wound opening 3, for example in an abdominal wall 4.

Referring in particular to Figs. 16 to 19 the sealing device 1 comprises a
substantially tubular sleeve 5 of pliable gas tight material formed from a tube 10

25 such as a suitable biocompatible plastics material. The tube 10 is turned axially
back on itself to define an outer sleeve section 11 and an inner sleeve section 12.
The tube 10 is twisted so that the axially opposite datum indicators 15, 16 are
circumferentially spaced-apart as illustrated in Fig. 18.



reducing the lunmen dianeter. In this case the sleeve is pre-tw sted and the
resilient rings are constrained by the struts 30Sto remain in the tw sted
position. 5 The resilient rings cannot rotate relative to one another.
Referring t®AN3!1"118 to 125 there is illustrated another nBATERPOYRYI ce
400 forming a trocar seal. In this cagé-a coiled spring 401 is positioned
bet ween two AMENDED SHEET ~~() 001321 i' . PC f/1E99/00123 -3~4 resthent
rings 4(?2, 403 with a sleeve 4U4 therebetween. The upper end of the coiled
spring 401 bedfis: agat 0sd otfteslwadessi@des of, [Neehid SbreBBv 02 RARdLAE L HVer
end of the coded spring _401 bears against the top side of the seconé rirng
403. The coi l dé‘&%rr?r& 40t ane desve se§tien dévisfinesa lumered s laodean wiflakpm of

housi ng. The i i riaid.casj ng, havi ng an upper part, 407
5 Power  pat i3 56 THELARY sthcvERediqt ) R sdaelr BB BiFdaire
tubul ar el ast corgpassingltie@vgh 429umelnemsli ng t her ebet ween. The el astoneric

sl eeve 409 is sealed to the casing upper part and the casing | ower part so
that it foins the upper part and the |ower part together. This arrangenent

facilitates t ' spring.A0L from 1Q a,coppress
position to anhﬁégpéﬁ&olrggd&%sgésqvéﬁggﬂ?ﬂvﬁfne? %nt ErSOR miting gReans Kef B 3 e‘é"nél i-g%d

wi thin the housiergdon \fisifing ead9i 68 &3 ica® HO¥HES LyOIHRSOGshg B EwhiR i§1 ngs
402, 403 nove together. This causes the tw sted sléeve to take up a flaccid
confi gurati on,atmgleéégi%ﬂf—w& 3 end @egcond Lruing 31, which is atpached tsan pwially

el astoneric sl . [ rts . t Casi [e

adj acent to ea%%)é%%'%gaf& h&%%éﬁ?ﬁ@%ﬂ%@%%ﬁ%ﬁ@ﬂ%ﬁ glcge&%gt,abﬁgesﬁ}ms to
an exteffed poelastonmeric thateriddusbaendtifg ofthd k30 iOfBMivie 396w/ of inSeRiGR o
other, extending the tw sted sleeve and reducing the lunmen dianeter. The

el astoneric s|a¥e8ndd asituswased indigspband fon in which the upper and 20

| oner parts of the casing are distal fromeach other. The device 400 is
used for sealing a cannula. Referring to Figs. 126 and 127 there is

illustrated a Aesalsungeoniduseste hiOPreae®2dhfitigh the laten P5UTthe devicd 1| the snrfease a
tw sted tubul ar, sl eeve 501 i s nmounted at one end to 25 one end of a rllg,:d
ith

tube 502 and aHetv§sesEoRrolls A4 along withghparmaramddn tamahe jogiar slagwe sasoon

an encl @qged vo 5 e : 5 t e f e
t ube 5025 The és‘{éggVeﬂ'éoéfE% Jn}é gkte g@%@ﬁ%&sagé%@g}er!ﬁ?#oﬁggora po?ta%go%gi n
the tube 502 asedlddntmtegtity efhcieobedyvedvwityeb&fD opéfated Mbbat isomaditainee. sTeeve

501 extends thg leeve 501 in the axial direction, thereby reducing the
Cumen di amet er factitate 1micraon of the §urgeoprornd hbrigation may be used. In this case the

device 1 is pre-twisted, and may be inflateq prior to or during use.

20 A wound protector section 35 of the sealing device between the rings 30, 31 may
be of a plastics sheet material that has a greater flexibility than that of the main
body of the sleeve 5. In this way, on inflation of the sleeve 5 the protector section
35 stretches to conform closely to the irregular shape of the wound 3 and provide
a tight seal to the wound opening 3. In addition, the inner ring 30 is drawn

25 against the inner wall surrounding the wound 3, on inflation of the sleeve 5. The
arrangement also facilitates lubricated rotation of the protector section 35 which
facilitates insertion of a surgeon’s arm 33.

The inner O-ring 30 may have a larger diameter than that of the outer O-ring 31 to

30 create a tapering effect. This arrangement promotes a pressure differental which



-35 Referring to Figs. 128 and 129 there is illustrated a sealing device
600 which is simlar to the sealing device 500 of Figs. 126 and 127. One
end of a twiwhedihtubular sleeve 60l is nounted to a first ryd ',ﬁgg,ﬂ,t?ej 602)
the other end of the twisted sleeve 501 is nounted to a secon i gid fube
603. The rigid tubes 602) 603 partialtyloverlap and are novable in an axial
direction relative to one another) so that when the sleeve is inflated and
extends in the axial direction, the tubes nove axially away from one
another in a "+rEHbBRECIPE! aasenier) s raduc dgtinhazrase el tgirahetbdomindie
tubes are cons‘grc_,%iuﬂ,ed at the overl apping ends so that they always overl ap
at least partially. Reference is also nade to appropriate alternatives and
nodi fications which are outlined in our parallel applications referenced WO
00/ 32116A, WD 00/ 32118A, 15 WO 00/ 35356A, WO 00/ 32119A, WO 00/ 32120A t he
entire content $hofNYgARkeA pipwdine depioe avkich hiows dagayoscepiersergeens Theert their

invention is n lim tied to the enbodi nents herei nbefore descri bed whi.ch
may be vgri ed gnndcl(&)lr&psh%ilfcfodwn et ngﬁmﬂcéﬂﬁﬂ ang gegpsn hepactigg

Cainms 1. A negedrilckdeNieeediiinsoas] | &he dgyi | Sf ; a eve
defining a lumen: | E 00990012 ATROTS/ & the ge%geﬁg%%gégﬁ%whs??gdai Reve

section) the toRestEde Wiokay & wasciniapendefgeny.x fhealevice dstasy tpdusermintmé stal

| umen; and 10 i.oni ans .for ial, tensioning of, the.tw.sted sl eeve
section to axi%ﬁg?o eix}i(gﬁ%syt Hé‘“?\ﬁ?%‘?%"gldé%%n%%@h %H?‘ﬁ% QREYHEAE t he
cross secti onadf alow8meht tWiehih Ui deRide! o thalefHengshiky ist A6t hVhiglifthces | Bede

section_froma first open |unmen configuration to a second seal I ng

confi gulBti on PSFormance of the sirgenye nhn effective saal is provided do dots the operatortso an

object in the . A devi clained in claiml whereipn the sleeve
is twisted to %?%E\?l?ld%g 18 g N Bades X B8 Brsbefl legestisd, Bt Ratcut i o
inclaiml or Maidiginehe phbemsp@Rygedrs. of pliable material. 4. A device as

claimed in claim1 wherein the tensioning nmeans fox axial tensioning of the
tw sted sl eeve section conprises a chanber for a 2~ pressuring fluid. 5. A

devi ce as cl ai s 7 | m.4 =] er is fi .
sl eeve secti onmzi%“d‘1 1@%& h?\éng%“%ﬁ%\‘fg t@gi?ﬁ%ﬁﬂ%f&g%c%&gggﬁgnféeﬁﬁgﬁ
15 cavity through the device for the purpose of either removing them completely
from the body or for performing a surgical procedure on them while they are
temporarily removed from the body or extracorporealised. It is a further object of

the invention to allow the operator to remove the hand from the device and leave
the device in place without compromising the pneumoperitoneum.

20
The device 1 consists of a double-layer polymeric sleeve 5 through which the
operator can extend a hand 2 into the abdomen. The device 1 is held in place in
the abdominal incision 3 by an arrangement of rings 30, 31 which may be
attached to the outer layer of the sleeve 5. The rings 30, 31 provide an anchorage
25 for the polymeric sleeve 5 when it is in the abdominal incision 3. A stopcock valve

26 and inflation bulb allow the device to be inflated through an inflation tube 27

leading into the chamber 20 when it is in position in the incision.

When the device 1 is in its correct position and is inflated the lumen 25 closes and

30 the device seals up against the edges of the incision 3. thus preventing the escape



E 009900123 -37- A rRO-2iC 6. A device as clained in claims$S wherein the
outer sleeve section is substantially cylindrical and the inner sleeve
section is t\%%/e, and of the same untw sted dianeter as that of the outer
sl eeve secti'oN.""5'7. A device as claiged in claim6 wherein PRETEINB | s
turned axially back on itself to defifié the outer sleeve section and the

i nner sl eeve section, the inner sleeve section conprising the tw sted

sl eeve section. 8. A device as clainmed in claim?7 wherein) on axi al

t ensi oni ng of vt k& fruirstredprikQmebeioBesaCtd O ettbRos bigleMethirSugtv et ddvi® GO
that part of the twi sted inner sleeve section is rolled over outwardly to
become part oPCTHFER it G stetndoiiecadses ebike yestamod! thy operafeys Bandiss withimed

in any of clai rs 8. IR Q j [0 the
L St ed 51 cewd SUat Fon ‘Horet onBrCeng T aneh and ik Fitre APIERE i 2l
obj ect rel ati effedtaa sl $uwhsthed nsl gav eas estign ok €hs | RRUMOpEriReLina g SO

that the twisted inner sleeve section is rolled over outwardly to becone an

unt wi st d out OpeRfase\nangdedtnesh naiobe eithum: ies devico Ut avhenl Beiseinflatad. dhhd s

correspondi ngl | [ Ly : C a_tw sted,inner,20, sl eeve
section. 10. R)b 8‘%%053%6@\/ @F%l:b%cﬁﬁxéh& g}ee %@mﬂﬁw i qepﬁgeel
chanber is fl ufer ik iREbemARNsed Zhid & podsibeViEeoAtie Ghatidde sh Whid thedevick & s 4
to 10 wherein the chanber is inflatable. 12. A device as clained in any of
clains 4 to 1rong@xtada t he chamber has an access port for inflation of the
chamber. 30 AMENDED SHEET  15-12-2000 -38 | E 00990012 ATRO 12/C 13. A
device as clained in any of clains 8 to 12 including eversion |imting
nmeans tx axi alThe devidetis ayehbledin®uch Rentin@er so thiad it &fféltivelesealh ybahditige i n
claim 13 wherein the eversion |imting neans is 5 housed in the chanber.
15. A devi ce #5Mc} HIthout canssicing the aRRkf QTrpreymtingemovement of therarmdidll | s
novabl e axi al |y i: h r ovi Js [ .clai ns
13 1o 15 1 nel ddeHial Fnelf Blansters meheriht R Lrpedt i i WiWed it | U
of a body openh#deviced a second eversion limting neans for |ocation
internally of a body opening. 17. A device as clainmed in clainms 15 and 16
wherein both the eversion limting 15 nmeans are i ndependently novable in
t he chayder. i s Gl Al i i : i i-nkage
rmane 5 povi ST s e S RETEile o Shinifatcith PolHFUR! n dbvibk

1 sits in the incision 3 without distortion. A hand is readily inserted through the

Iumen 25 of the device either in its inflated or uninflated state. The device 1
inflates quickly and effects a seal around the operator's arm 2 to facilitate creation

of pneurnoperitoneum.
20
Referring to Figs. 20 to 27 there is illustrated another -access device 40 which is
similar to that described above with reference to Figs. 1 to 19 and like parts are
assigned the same reference numerals. In this case the device 40 is used for
insertion of an instrument 41. The instrument 41 may be of any suitable cross
25 section such as circular (Fig. 26) or square (Fig. 27). The device 40 operates in

exactly the same way to the device 1 as described above.

The principles which underlie this invention will be more clear from the following
description with reference to Figs. 28 to 67.
30



20 19. A device as clainmed in claim18 wherein the |inkage nmeans is of
pliable material. 25 20. A device as clainmed in claim18 or 19 wherein the
l'i nkage means gonprFi ses a |inkage sleeve. 21. A device as cl pefRghoigh-any of
clainms 13 to 20 wherein the or each eversion limting neans is an O ring.
22. A device as clained in claim?21 wig~ein the Oring is of a resilient 30
material . AMENDED SHEET ? 5-12-?000 |IE 00990012 -39- ATROI 2/C 23. A
device as clained in claim2l or 22 wherein each eversion liniting means is
an O-ring. 5 9% -AJgBiFice s willsimube iof ibicmagersheleran bheotwgssar e of

di fferent di agetgLs o vi,ce . | aj in.any of cl ai tQ .24
conprising an | nﬁt(rarr()fo% ?Flﬁgt}‘g@héel&?‘hﬁ@r %%ﬂﬁ[gf H%Nﬁ né tgﬂﬁgfé%%ﬁ%?%eéﬂgaq/or
engagement Wi thbreanailomen pi&ivethtouh @@ ORe the diarm@er JF Wigh 6CthasdigmalerBd i n

claim 25 wherein the_engagenent neans is a lip seal. 15 27. A device as
claimed in an&‘ed?o%l Bpigonptioge zed widheitgbe redativesogho athier endiabg utreemaxis

oot i ons o THae os3FaRInfuRed At Lk e ol BN D e tne

first eversion limting neans is 20 attached at one end of the sleeve and
the second eversion liniting neans is attached at another end of the
sl eeve. 25 20lhoclgmentA-Biés aqvainelied to eheatxis of thy tube bunhssileremainea streight on

limting nean I tive one&..angt her for twi sting the slgeve.
30. A device %g&% térﬁne\{%ae% %ﬁé@ﬁ?’f@t %1(2%93%&3‘[ ﬁ@a%% OB&eY %ﬁ?@%‘gi are
rotatabl e rel @28v@ mastiiee 3teichal). TofollotsSthiefdoie) that b F61¢8 ;m@dt-be/hdﬁﬂéd & as
clainmed in claim?29 or 30 including handle neans to facilitate 30 novenent

of thelBversi ¥ elamgntitagavss-this elangatione Inghe gbsenso of sech afEspElongation of

oi'ai ms 29 1o Tt SR s SRR s Sreotl JREIT B8 el W Ey et ©
limting meantot depictedy ih @riderosaeoifin6dAe Thethahge il peorfie@ns . Ab ad@es 6f

device as clainmed In an¥ é%r ecedi ng clai mconprising an _outer ring assenbly
conpri si ng t wavistdessithag 180°rthe elemiconhwall got intersestithe axis of thedube, ignmidipeinher .

't or engaged, 7958 € pAREE el bRty 1 ThE iR FIE S Br Bl e
rings dfgage élymengpatf thelri mitipoifes At defiiRyithe mmiMuai dRthdwer 6Nhoteduced Ms

33 to 35 wherein a_seal is provided between the mounting rings., '
lumen formed. This diameter can be calculated knowing the original tube

diameter and the angle of twist. The profile of the tube takes the form of a

waisted, necked or hourglass shape. This profile is not determined by the shape of
any individual element or elements but is the effect of a section in the plane of the

20 tube axis taken through all the elements. Before proceeding to the effects of the
introduction of an object into the reduced lumen particular notice should be taken
of the elements as they appear in the plan view Fig. 29. All the elements are
straight.

25 Clearly, if an object of smaller diameter than the reduced lumen were introduced
into the reduced lumen the object could pass through with out making contact
with the wall of the reduced lumen. It would therefore not be possible for the tube
to grip or create a seal to the object. In order to accommodate the introduction of
an object of larger size (diameter) it is necessary that each element deform or bend

30 outward thus forming an increased lumen. This can be seen clearly in Fig. 32.



37. A device as clainmed in claim36 wherein the seal has a head part which
I's 20 housed in one nounting ring and a sealing part which extends to

seal ingly évy#yEthe other nounting ring. 38. A device as cl acomehojom-gl ai m
36 wherein the seal conprises a |iner orybladder extending between the
mounting rings, 25 39. A device as clained in any of clains 33 to 38
wherein a nmounting ring includes an entry port in fluid comrunication with
t he sleeve.#ﬁp %kgg¥ige as pkfined 'qAa of clainms 33 to 39 wherein each
mounting riAg 39 THArTGELE ALK HEL s sAS TSISEERPPAHI 1 DCTOpEon e

009900123 - 4dngtAbRAL berfertd ARs28s B&rod iﬁ?the%bgé?l\‘.{: of a¥or& fb! %g%%tgttﬁée]y

precedi ng clai mincluding shielding nmeans for shielding portion

sl eeve fromelsments thengydrall fangteof 4. tube deilli reducestociced mebdarte eHeadiingd in
wherein the shield nprises a film which defjnes together with the sleeve
portion to \/%ﬁ??ﬁh?'t&i?%' é@t agﬂéﬁl “ét‘hc‘i’m%u‘r‘ﬂg?r.“‘?&d. r&)ﬂ?td@?f‘é@eash@ wcraased £ cl ai m
42 vwhey el n taeomtioahet B fdoiubad Obieti P bup S ARLEY LRl alk 030" the
sl eeve portion. 44. A device as clained in clam or wherei nan access
hol e is provindgbabdieviube is fntinsdte eontagh witth thecinantiered atfectAovdedt tasegart
claimed in claim44 wherein the hole is covered by a val ve neans. 46. A
devi ce as c|°£?‘ﬁé?11 claim45 wherein the valve neans is a non return |l ap
valve. 47. A device as clained in claim4l wherein the shield is of
conpressible foam|ike material. 48. A device as clained in claim47

wher ei n t he B¢ epplidagiom ofitagr axibl iforce utbe she ttibé ewill nppuseahs . né®. défortmed ce as

cl ai in i ta 4 c risi n_outer. rigi,d tube t.o .whjch the
sl ee\r;g(Sj i s a@%ﬁ%&%% %@OA%%%@%'_ ﬁébcep%ﬁ ﬁ%dameeqs&!f ﬁ]i‘etlg'“?ﬁné‘? QPHE’FH% di‘% be
conprises riglank éfthea Héd@ﬂ&lM&aheﬁr@ﬂﬁﬁé/@Qbﬁcs?éh&ihg)fa&ﬁhg%\%@rdtf@rc‘éf‘e
anot her. AVENDED SHE ' S$-12-?00G | E_00990012; -4ZATR012/C

This tendency toward straightening of the elements will be restricted by the

presence of an object in the lumen. Therefore the radially inward component of

the applied force will act on the inserted object creating a pressure or gripping

15 force between the tube and the inserted object.

Referring to Figs. 34 to 39 consider the hollow cylindrical tube shown in Fig. 35.
The wall of the cylinder defines a lumen through its centre. Consider a linear

20 element A-B. If the upper edge of the tube is rotated through some angle, point A
will move to the position shown in Figs. 36 and 37. The element A-B will stll
define a straight line. The tube will distort into a nominally hour glass shape with
a reduced lumen at mid height. The diameter of the lumen at the neck of the tube
is dependant on the angle of twist. When the upper edge is rotated through 180°

25 the lumen will close down to zero diameter. At any horizontal plane through a
twisted tube the material must be wrinkled and hence under compressive hoop
stress.  If the height of the tube remains unaltered then the element A-B is a
twisted tube, being longer than in a plain tube, must be under tensile axial stress.
If the tube is free of axial constraint the overall length of the tube will reduce.

30



S 1. Adevice as clainmed in any precedi ng clai mhaving connection neans for
connecting the device to another nedical device. 5 52. A device as cl ained
inclaimS 1 wherein one of the devices is a forearmseal and the other
device is a'RdUAd!protector retractor. 10 53. A device as cl BFFfEdYPH2E| ai m
1, 2 or 3 wherein the tensioning means2?3s a nechani cal tensioning neans.
54 A device as clainmed in claim53 wherein the tensioning nmeans conpri ses
a spring nmeans. 55. A device as clained in any preceding claimwherein in
the second seahilpgf &b:CONfdged alan@étet he twi sted sl eeve section portion of
the lunen is sized to sealing engage an object passing therethrough. 56. A
device as clained in any preceding claimfor use in surgery. 20 57. A
device as cl aFiged! stovenyne puraeediargeet §D3) hon posmriion bfipl aseahire sufbiory.
58. A device as clained in_any preceding claimwherein the device is a
forearm seal PsRngise of Avistyrory Guto h%&d dbeilumen diapeiss cdptlcs sueyaied. 25
59. A gigewced‘gé claimed in any of clains 1 to 55 wherein the device is an
endol unf nal Pce. 30 60. A device as clained in any of clainms 1 to 55
wherein the device is an introducer for introducing an instrunment into a
body through an openi ng. AMENDED SHEET "' S1 ~7?C00 -43 | E 009900123 ATRO
| 2/ C 61. A device B2 -cl%éticm-.(E/Zh any of clains 1 to 5~ wherein the device is
an exsangui nator. 62. A device as clainmed in any of clains 1 to 55 wherein
the device is an 5 envaginator. 63. A device as claimed in any of clainms 1
to SS wherei ”Ak%g@k’éeﬁeth'e?uxﬂeﬁ dESHAef isShacpident'dt (hé iR KBayhce as cl aimed
in any of clains 1 to 55 wherein the device is a trocar sea 65. A device
as clailfed in any of clalns 1 to 57 wherein the device is an instrunent
port/cannul a. 15 AMENDED SHEET . A . A@

AL A {9 A Ay LAY ASYAAA L. AsL AL. Ah A3{E . AGE

AT AQY, - AARIONED : Do il be Af . AU . Af. A@Y.A Y, . Ayr. A's
. A@Y?. AS3, . A . AS, Ah& AA A |3R A& A@. AY. AF Y. Af F. A(KXZt

As can be seen from Figs. 41, 42 and 43 the angle of twist necessary to collapse

15 the lumen of a tube to the diameter of an elongate object passed therethrough is
dependant on the ratio of the tube diameter to the diameter of the elongate object.
The angle of twist can be calculated from:

E = 2{cos(D2/D1)}
20 where E is the angle of twist,
D1 is the tube diameter, and
D2 is the diameter of the elongate object.

Although depicted as of circular profile, a tube of sufficiently compliant material
25 will conform to many non recursive profiles. For such a profile D2 is taken as the
smallest diameter which can be inscribed within the profile.

Twin walled pressure vessel under jnternal pressure

30 Referring to Figs. 44 to 50 consider a thin walled tube as shown in Fig. 45a. One
end of the tube is folded back on itself as shown in Fig. 47 and the free ends
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Translation of an elongate object through a Cyclops

Consider the arrangement depicted in Fig. 62. A shaft is passed through a
10 Cyclops with the lumen in mutual contact with the shaft. The outer tube of the
Cyclops is resting in mutual contact with a fixed surface. Consider points of
contact A, between the Cyclops and the fixed surface, and B, between the shaft
and the lumen of the Cyclops. As the shaft is translated, as shown in Fig. 64,
point A remains fixed whilst the leading end of the lumen rolls out. Since the
15 Cyclops does not change in overall length the trailing end of the outer tube rolls in
as depicted. It will be apparent that the shaft translates to the right twice as far as
the Cyclops. This is exactly the motion of a caterpillar track. From this point of
view a Cyclops could be considered as a three dimensional caterpillar track. Since
points A and B on the Cyclops do not move relative to their corresponding
20 positions on the shaft and the fixed surface there is no frictional resistance to the
translation of the shaft. In Fig. 66, the Cyclops has translated to the right by
approximately its own length. The material which had originally formed the
inner tube has rolled out to become the outer tube and vice versa. In other words
the Cyclops has tumned inside out. Since the inner tube of the Cyclops is in a
25 twisted configuration and since the point B remains in contact with the same
point, the shaft rotates about it's axis as depicted by arrow C (in this instance
approx. 120°). In order to obtain this translation the resistance required to be
overcome is that generated as the leading and trailing ends of the Cyclops deform

as they roll out and roll in respectively.
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28
Referring to Figs. 68 and 69 there is illustrated another access device 50 which in

this case has a glove 51 integral with or attached thereto to receive a surgeons
hand.

Referring to Figs. 70 to 74 there is illustrated another hand access device 55
according to the invention. The device 55 is similar to those described above
except that in this case the twist is adjustable in situ. In this case the sleeve 5 has
an inner ring 56 similar to the ring 30 and an outer ring assembly comprising two

10 interengagable rings 57, 58 which are rotatable relative to one another to adjust
the twist in the sleeve 5. The rings 57, 58 are snap fitted together and a seal 60 is
used to prevent air egress. The seal 60 has a head part 61 which is housed in a
female recess 62 in the ring 57 and a sealing part 62 which extends to sealingly to
engage a projecting part 63 of the outer ring 58.

15 .
Referring to Figs. 75 and 78 there is illustrated another adjustable twist device 70
which is similar to the device 55 of Figs. 70 to 74 and like parts are assigned the
same reference numerals. In this case snap projections 79, 80 engage on assembly
of the mounting rings 57, 58. To ensure gas tight sealing between the rings 57, 58

20 an elastomeric sealing ring 81 is provided. The sealing ring 81 is housed in a
recess in the male part 82 of the outer mounting ring 59 and projects into the
space between the two rings 57, 58, on assembly to engage against an integral
projection 92 of the lower ring 58. Mounting ring seals 93, 94 are used for
mounting the sleeve 5 to the outer and inner mounting rings 57, 58, respectively.

25
In each of the devices 55, 70 the mounting ring 57 includes a side port 95 having a
passageway 96 for entry of an inflation gas into the sleeve 5. The mounting rings
57, 58 are rotatable relative to one another to twist the sleeve 5 and so reduce the
diameter of the lumen 25 defined by the sleeve 5. The relative rotation is effected

30
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by gripping opposed handles 97, 98 on the mounting rings 57, 58 and turning

them. This causes the sleeve 5 to twist from a configuration 28 where there is no
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5 opening 3. A surgeon then inserts his hand through the sleeve 5. The rings 57, 58
are relatively rotated to twist the sleeve 5 and so reduce the lumen diameter. The

sleeve 5 is then inflated by introducing pressurised gas through the entry port 95.

This causes the sleeve 5 to extend in the axial direction, and the diameter of the

lumen 25 to reduce, further enhancing the seal. The surgical procedure is then

10 carried out. On completion of the surgical procedure, 2 combination of deflation
and/or untwisting of the sleeve 5 is used to allow a surgeon to remove his hand.

In this way, if required, the gas seal may be maintained as a surgeon removes his
hand and when the hand is fully removed.

15 One advantage of this sealing device is that it is adjustable on site and in situ to
suit a particular patient, surgeon and/or procedure.

The mounting rings 57, 58 slide over one another as they rotate relative to one
another. Itis desirable to have a small frictional force acting between the surfaces
20 as they rotate relative to one another to facilitate ease of operation of the device

55, 70 and also to maintain the desired sealing contact between the two rings 57,
58.

Referring to Figs. 79 to 81 there is illustrated another surgical device 100

25 according to the invention. In this case an inner ring 101 has engagement means
in the form of a radially and axially extending lip seal 105 to engage an inner wall
of a patient at the wound opening. This facilitates positive location and
engagement of the device 100, in use.
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inner liner or bladder 110, extending between the outer and inner rings 111, 112

1s provided to ensure that the inflated sleeve 5 interior is maintained sealed while

the ings 111, 112 are rotated relative to one another.

Referring to Figs. 86 to 88 there is illustrated another surgical device 20 according
to the invention. The device 1 comprises a first O-ring 201, a first outer mounting
means in the form of a O-ring 202 mounted in a first receiver 203, and a second
mounting means in the form of a O-ring 205 mounted in a second receiver 206.

10 The receivers 203, 206 are in this case interconnectable as illustrated and a fourth
O-ring 207 is provided between the receivers 203, 206 on assembly.

A sleeve 210 of flexible pliable plastics material extends from the second outer
receiver 206 to the first outer receiver 203. The receivers 203, 206 are de-

15 mountable as illustrated in Fig. 87 to facilitate relative rotation therebetween in
the direction of the arrows to vary the degree of twist in the sleeve 210.

Referring to Figs 89 and 90 there is illustrated another surgical device 220 which is
similar to the device 200. In this case the O-ring 205 is de-mountable from the
20 receiver 206 to facilitate length adjustment of the sleeve 210. On removal of the
O-ring 205 the sleeve 210 is adjusted to a desired length d. In this way a single
device 220 may be used for a variety of thickness of abdomens. The lumen
diameter defined by the twist does not need to be changed to cater for a range of

abdomen sizes. The excess sleeve may be cut off or wound around the O-ring seal
25 205.

Referring to Figs 91a and 91b there is illustrated an assembly of two surgical
devices 250, 260. The device 250 is a forearm seal and the device 260 is 2 wound

protector retractor which is assembled to an outer sealing device 250. The sealing
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device 250 provides an outer sealed access port through which a surgeon may

insert his forearm or for insertion of an instrument or the like.

5 Referring to Fig. 92 there is illustrated a modified hand access device 155
according to the invention. In this case an inner ring 156 is enclosed in a pocket
157 on the sleeve 5 while an outer ring 158 is free to move between the walls of

the sleeve. -

10 Referring to Figs. 93 and 94 there is illustrated another hand access device 160 in
which eversion limiting rings 161, 162 are free to move axially inside the sleeve 5.
The device is used as described above, the outer ring 161 engaging the outside of
the abdominal wall on insertion to limit eversion into the incision. The inner ring
162 is free between the walls of the sleeve 5 when the sleeve is fully everted into

15 the wound as illustrated in Fig. 94. On withdrawal of a surgeons arm eversion of
the sleeve outwardly is limited by engagement of the ring 162 against the inside of
the abdominal wall. One advantage of this arrangement is that the same device
may be used for a wide range of different thicknesses of abdomen.

20 Referring to Figs. 95 and 96 there is illustrated another hand access device 165
which is again similar to those described above. In this case inner and outer rings
166, 167 are not attached to the sleeve 5, however a linking section 168 of pliable
material extends between the rings 166, 167.

25 Referring now to Figs. 97 and 98 there is illustrated another hand access device
170 according to the invention. In this case an inner ring 171 is held in a desired

axial position in the sleeve 5 by adhesive tapes 173. An outer ring 172 is free to

move axially within the sleeve.
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e invention which is similar to those described above and like parts are assigned
the same reference numerals. The device includes a shielding device to shield the
5 existing connection between the rings 30, 31. The shield shields the sleeve section
35 that engages with the incision from the axial tensile force. This facilitates

improved conformity to the incision margins and enhanced retraction and sealing.

In this case the shield is in the form of a film 701 which is of lighter gauge than
10 that of the main sleeve 5. There is a hole 702 in the main sleeve 5 which allows
air access to the chamber 706 between the main sleeve 5 and the film 701. The

hole 702 may be covered by a valve such as a non return flap valve 705.

The shielding film 701 is illustrated as deflated in Fig. 99a. After inflation it
15 bulges outwardly as illustrated in Fig. 99b and a better conformity to the incision
is achieved as illustrated in Fig. 99c.

This arrangement may then be used to allow deflation of the inner sleeve for
improved access as illustrated in Fig. 99d.

20
Referring to Fig. 100, in this case the shield is provided by a compressible foam —
like sleeve 750. The foam may include stiffening means 751 as illustrated in Fig.
101. It will be appreciated that the shield may be of any suitable material.

25 Referring to Figs. 110 to 117 there is illustrated a sealing device 300 according to
the invention. For a clear understanding of the principles which underlie this
invention, reference will be made to Figs. 102 to 109 which illustrate a simple
sealing device 250. The sealing device 250 comprises a tubular sleeve 251 of
pliable material mounted at a first end to a first mounting means and mounted at

30 a second end to a second mounting means. The first mounting means is a
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resilient ring 252, the second mounting means is a resilient ring 253. The sleeve
251 defines a lumen 254. The rings 252, 253 are rotated relative to one another to
cause the sleeve 251 to twist, thereby reducing the diameter of the lumen 254.
5 The sleeve 251 is lustrated in a twisted, flaccid position in Figs. 102 to 105. The
rings 252, 253 are moved away from each other in the axial direction, thereby
extending the sleeve 251 and reducing the lumen diameter further, Figs. 106 to

109.
10 The sleeve 251 is sealed around an object passing through the lumen 254;
() by rotating the rings 252, 253 relative to one another, thereby
twisting the sleeve 1 and reducing the diameter of the lumen 254; or
1§ (ii) by moving the rings 252, 253 away from one another in the axial

direction, thereby extending the sleeve 1 and reducing the diameter
of the lumen 254; or

(iii) by a combination of (i) and (ii).

Referring to Figs. 110 to 117 there is illustrated the sealing device 300 which is
similar to the sealing device 250 of Figs. 102 to 109 and like parts are assigned the
same reference numerals. In this case resilient struts 305 are connected between
the first resilient ring and the second resilient ring. As the two rings are moved
25 together, the struts 305 bend outwardly in a buckling manner. This causes the
twisted sleeve to take up a flaccid configuration increasing the lumen diameter,
Figs. 114 to 117. The material properties of the struts 305 cause them to unbuckle
when released. The struts 305 spring back to their straight positions parallel to the
sleeve axis, Figs. 110 to 113. The unbuckling of the struts 305 moves the two
30 rings away from each other in the axial direction and extends the sleeve, thereby
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10% & () - Z3#10adlclng thel Rithéa Qlameter. In this case the sleeve is pre-twisted and the

resilient rings are constrained by the struts 305 to remain in the twisted position.

5 The resilient rings cannot rotate relative to one another.

Referring to Figs. 118 to 125 there is illustrated another medical device 400

forming a trocar seal. In this case a coiled spring 401 is positioned between two
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end of the coled spring 401 bears against the top side of the second ring 403. The

coiled spring 401 and sealing sleeve 404 are enclosed within a housing. The

W

housing comprises a rigid casing having an upper part 407 and a lower part 408
which are separable from one another and a pliable tubular elastomeric sleeve 409
extending therebetween. The elastomeric sleeve 409 is sealed to the casing upper
part and the casing lower part so that it joins the upper part and the lower part
together. This arrangement facilitates the movement of the coiled spring 401 from

10 a compressed position to an extended position, with the spring 401 remaining
enclosed within the housing.

When the coiled spring 401 is compressed, the two rings 402, 403 move together.
This causes the twisted sleeve to take up a flaccid configuration, increasing the
15 lumen diameter. This compresses the elastomeric sleeve so that the upper and
lower parts of the casing are adjacent to each other. When the coiled spring 401 is
released, it moves to an extended position. This causes the two rings to move
away from each other, extending the twisted sleeve and reducing the lumen
diameter. The elastomeric sleeve is extended to a position in which the upper and
20 lower parts of the casing are distal from each other.
The device 400 is used for sealing a cannula.

Referring to Figs. 126 and 127 there is illustrated a sealing device 500 according to
the invention. In this case a twisted tubular sleeve 501 is mounted at one end to
25 one end of a rigid tube 502 and at the other end to the other end of the rigid tube
502, with an enclosed volume 503 between the sleeve 501 and the rigid walls of
the tube 502. The sleeve 501 is inflated by passing air through a port 504 in the
tube 502 and into the enclosed volume 505. The inflation of the sleeve 501

extends the sleeve 501 in the axial direction, thereby reducing the lumen diameter.
30
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Referring to Figs. 128 and 129 there is illustrated a sealing device 600 which is

similar to the sealing device 500 of Figs. 126 and 127. One end of a twisted

5 tubular sleeve 601 is mounted to a first rigid tube 602, the other end of the twisted

sleeve 501 is mounted to a second rigid tube 603. The rigid tubes 602, 603

partially overlap and are movable in an axial direction relative to one another, so

that when the sleeve is inflated and extends in the axial direction, the tubes move

axially away from one another in a “trombone-type” action, reducing the lumen

10 diameter. The tubes are constrained at the overlapping ends so that they always
overlap at least partially.

Reference is also made to appropriate alternatives and modifications which are
outlined in our parallel applications referenced WO 00/32116A, WO 00/32118A,
15 WO 00/35356A, WO 00/32119A, WO 00/32120A the entire contents of which

are incorporated herein by reference.

The invention is not limited to the embodiments hereinbefore described which

may be varied in construction and detail.
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1. A medical device for sealing, the device comprising :-
S a sleeve defining a lumen,;

the sleeve having a twisted sleeve section, the twisted sleeve section
defining at least a portion of the lumen; and

10 tensioning means for axial tensioning of the twisted sleeve section
to axially extend the twisted sleeve section and thereby reduce the
cross sectional area of the lumen portion defined by the twisted
sleeve section from a first open lumen configuration to a second

sealing configuration for sealing engagement of the twisted sleeve

15 section to an object in the lumen.
2. A device as claimed in claim 1 wherein the sleeve is twisted to provide the
twisted sleeve section,
20 3. A device as claimed in claim 1 or 2 wherein the sleeve is of pliable
material.
4, A device as claimed in claim 1 wherein the tensioning means for axial

tensioning of the twisted sleeve section comprises a chamber for a

25 pressuring fluid.

S. A device as claimed in claim 4 wherein the chamber is defined by an outer

sleeve section and an inner sleeve section.
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5 7. A device as claimed in claim 6 wherein the sleeve is turned axially back on
itself to define the outer sleeve section and the inner sleeve section, the

inner sleeve section comprising the twisted sleeve section.

8. A device as claimed in claim 7 wherein, on axial tensioning of the twisted
10 sleeve section, the sleeve is evertable so that part of the twisted inner sleeve
section is rolled over outwardly to become part of the untwisted outer

sleeve section.

9. A device as claimed in any of claims 7 or 8 wherein, on engagement of an

15 object in the twisted sleeve section portion of the lumen and axial
movement of the object relative to the twisted sleeve section, the sleeve is

evertable so that the twisted inner sleeve section is rolled over outwardly to

become an untwisted outer sleeve section and the untwisted outer sleeve

sectiont is correspondingly rolled over inwardly to become a twisted inner

20 sleeve section.

10. A device as claimed in any of claims 4 to 9 wherein the chamber is fluid

impermeable.

25 11. A device as claimed in any of claims 4 to 10 wherein the chamber is
inflatable.

12. A device as claimed in any of claims 4 to 11 wherein the chamber has an
access port for inflation of the chamber.
30
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4, vice as clauned m claim 13 wherein the eversion limiting means is

5 housed in the chamber.

15. A device as claimed in claim 14 wherein the eversion limiting means is

movable axially in the chamber.

10 16. A device as claimed in any of claims 13 to 15 including a first eversion
limiting means for location externally of a body opening and a second

eversion limiting means for location internally of a body opening.

17. A device as claimed in claims 15 and 16 wherein both the eversion limiting

15 means are independently movable in the chamber.

18. A device as claimed in claims 15 and 16 wherein a linkage means is
provided between the two eversion limiting means.

( 20 19. A device as claimed in claim 18 wherein the linkage means is of pliable
material.

20. A device as claimed in claim 18 or 19 wherein the linkage means

comprises a linkage sleeve.

25
21. A device as claimed in any of claims 13 to 20 wherein the or each eversion
limiting means is an O-ring.
22. A device as claimed in claim 21 wherein the O-ring is of a resilient
30 material.
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23. A device as claimed in claim 21 or 22 wherein each eversion limiting

means is an O-ring.

5 24. A device as claimed in claim 23 wherein the O-rings are of different

diameters.

25. A device as claimed in any of claims 21 to 24 comprising an inner O-ring,
the inner O-ring having engagement means for engagement with an inner

10 wall of an opening.

26. A device as claimed in claim 25 wherein the engagement means is a lip

seal.

15 27. A device as claimed in any of claims 13 to 26 wherein the eversion limiting
means comprises first and second eversion limiting means attached at

different locations to the sleeve.

28. A device as claimed in claim 27 wherein the first eversion limiting means is
20 attached at one end of the sleeve and the second eversion limiting means is
attached at another end of the sleeve.

29. A device as claimed in claim 27 or 28 wherein the eversion limiting means
are movable relative to one another for twisting the sleeve.

25
30. A device as claimed in claim 29 wherein the eversion limiting means are
rotatable relative to one another for twisting the sleeve.
31. A device as claimed in claim 29 or 30 including handle means to facilitate
30 movement of the eversion limiting means relative to one another.
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32. A device as claimed in any of claims 29 to 31 including locking means for
locking the first eversion limiting means relative to the second eversion

limiting means.

33. A device as claimed in any preceding claim comprising an outer ring
assembly comprising two mounting rings which are rotatable relative to

one another.

10 34. A device as claimed in claim 33 wherein the mounting rings are

interengaged.

35. A device as claimed in claim 34 wherein the mounting rings engage by
snap fitting.
15
36. A device as claimed in any of claims 33 to 35 wherein a seal is provided

between the mounting rings.

37. A device as claimed in claim 36 wherein the seal has a head part which is
20 housed in one mounting ring and a sealing part which extends to sealingly
engage the other mounting ring.

38. A device as claimed in claim 36 wherein the seal comprises a liner or
bladder extending between the mounting rings.
25
39. A device as claimed in any of claims 33 to 38 wherein a mounting ring

includes an entry port in fluid communication with the sleeve.

40. A device as claimed in any of claims 33 to 39 wherein each mounting ring

30 includes handle means.
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defines together with the sleeve portion to which it is attached a chamber.

43. A device as claimed in claim 42 wherein the shielding film is of lighter

gauge material than that of the sleeve portion.

10
44. A device as claimed in claim 42 or 43 wherein an access hole is provided
between the sleeve and the chamber.
45. A device as claimed in claim 44 wherein the hole is covered by a valve
15 means.
46. A device as claimed in claim 45 wherein the valve means is a non return
flap valve.
20 47. A device as claimed in claim 41 wherein the shield is of compressible
foam-like material.
48. A device as claimed in claim 47 wherein the shield foam material includes
stiffening means.
25
49. A device as claimed in any of claims 1 to 4 comprising an outer rigid tube
to which the sleeve is attached.
50. A device as claimed in claim 49 wherein the tube comprises rigid tube
30 sections which are movable axially relative to one another.
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54. A device as claimed in claim 53 wherein the tensioning means comprises a

spring means.
55. A device as claimed in any preceding claim wherein in the second sealing
15 configuration the twisted sleeve section portion of the lumen is sized to
sealing engage an object passing therethrough.
56. A device as claimed in any preceding claim for use in surgery.

20 57. A device as claimed in any preceding claim for use in laparoscopic surgery.

58. A device as claimed in any preceding claim wherein the device is a forearm

seal for use in carrying out hand assisted laproscopic surgery.

25 59. A device as claimed in any of claims 1 to 55 wherein the device is an

endoluminal device.
60. A device as claimed in any of claims 1 to 55 wherein the device is an

introducer for introducing an instrument into a body through an opening.
30
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61.

62.

63.

64.

63.

ATROI12/C

A device as claimed in any of claims 1 to 55 wherein the device is an

exsanguinator.

A device as claimed in any of claims 1 to 55 wherein the device is an

envaginator.

A device as claimed in any of claims 1 to 55 wherein the device is a tissue

dissector.

A device as claimed in any of claims 1 to 55 wherein the device is a trocar

seal.

A device as claimed in any of claims 1 to 57 wherein the device is an

instrument port/cannula.
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