WO 03/ 084584 PCT/ US03/ 01927 APPARATUS FOR CREATI NG A PATHWAY I N AN ANI MAL
AND METHODS THEREFOR 5 BACKGROUND OF THE | NVENTI ON The present invention
rel at es twotohes4s8€l d of creating a pathway into an ani nalPCTNIS0&01927
particularly, the present invention relates to nore effective 10 nethods
and apparatus for safely creating pathways in mammals for applications
such as artificial insemnation (Al). In order to feed the world popul ati on
that is swelling rapidly year after year, there is an urgent need for a

safer and nore ficie o) wi.ne and. . ofher mg&m where fresh
or frozen sene FB \SfAﬁ A @g, ear—pe—dsed to
transfer high genetic valu f DS OR n\cr easi ng the quality and
gquantity of the livestock litters. Figures | A and 1B show conventional Al
catheters for swine. Unfortunately, freezing is usually necessitated by the
short |ifse span of fresh genetic materials and the |ogistics of
distribution. Even with advanced 20 freezing techni ques, thaw ng causes a
reduction in the nmobility, nmotility and fertility of the spernatozoa,
resulting in the need f BACKEROURDVOEAHE NVENTIORr i ne Al to obtain
commercially acceptabl e conception rates. 1T WD 037084584 PCT/ US03/ 01927
Referring to Figures 2A, 2B and 2C, a nunber of attenpts have been

The present invention relates to the field of creating a pathway into an

animal. More particularly, the present invention relates to more effective
10  methods and apparatus for safely creating pathways in mammals for

applications such as artificial insemination (AI).

In order to feed the world population that is swelling rapidly year after
year, there is an urgent need for a safer and more efficient AI of swine and
other farm animals, where fresh or frozen semen and/or embryo transfer

15 technology can be used to transfer high genetic value materials, thereby
increasing the quality and quantity of the livestock litters. Figures 1A and 1B

show conventional AT catheters for swine.

Unfortunately, freezing is usually necessitated by the short life span of
fresh genetic materials and the logistics of distribution. Even with advanced
20 freezing techniques, thawing causes a reduction in the mobility, motility and
fertility of the spermatozoa, resulting in the need for trans-cervical intra-

uterine Al to obtain commercially acceptable conception rates.



made to deposit the weakened spermatozoa directly in the uterus or uterine
horn by trans-cervical intra-uterine Al using rigid trans-cervical deep

i nsem natwor3osssket ers. These rigid deep insem nati on cat Rerarss3/enve7
basically 5 reduced dianeter catheters that are encl osed and extend from
within a conventional A catheter. The rigid deep insem nation catheters
are pushed and/or threaded through cervical canals using bul bous ends or
slight angles on their tips in an attenpt to navigate the curves and turns

of the cervical nal .. One_j nher 0.flaw of the |d dee

i nseni nation cat h@t g‘?’%‘%??‘ﬁ@ﬁ? 2%‘31%3 ﬁgafllli‘&?lb ‘?1{5 Qplihavagﬁ%be or
puncture soft tissue areas during entry and exit procedures, often
injuring or @vase &Aenostighe weaksnedhenermatprea digicd s én BetiiBS Oltetese ri gi d
catheters include the need for a professional, such as veterinarian or a
hi ghly trai heth betimsieirdesl intm—pt@riﬁe)mmihgmid tramsscecdcalideepp i ntra-uterine
Al procedures, 15 which reduces but does not substantially elimnate the

ri sk of seri guentifAloARathefesk. "Bl tibiadicsp aiskhidaYioR tatfeRishhre bisa@yt here is a
need for a safer and nore effective deep trans-cervical intra- uterlne Al

catheter d hatgay éﬁﬁn{%e?' H@kteﬁ%tﬁ&% Bdio gl‘%ln n@ﬁohfﬁfﬁﬁguca“d does not

require the services y tralne pr of essi ona h a 20 safer
and easi er-to-use Al r wll be especially beneficial to the small
farners in tﬁP?ﬁﬂﬁB?@dﬁ%@ﬁﬁf %ies who cannot afford the services of a
professional. 2 WO 03/084584 PCT/ US03/01927

The rigid deep insemination catheters are pushed and/or threaded
through cervical canals using bulbous ends or slight angles on their tips in an
attempt to navigate the curves and turns of the cervical canal. One inherent

10 flaw of these rigid deep insemination catheters is their hard tips that can easily
damage or puncture soft tissue areas during entry and exit procedures, often
injuring or even killing the animal. Other disadvantages of these rigid
catheters include the need for a professional, such as veterinarian or a highly
trained technician, to perform these trans-cervical intra-uterine Al procedures,

15 which reduces but does not substantially eliminate the risk of serious trauma

and resulting sterility or death.

Hence there is a need for a safer and more effective deep trans-cervical
intra-uterine Al catheter that causes minimal discomfort and risk of trauma,
and does not require the services of a highly trained Al professional. Such a
20  safer and easier-to-use Al catheter will be especially beneficial to the small
farmers in third world countries who cannot afford the services of a

professional.



SUMVARY OF THE | NVENTI ON To achi eve the foregoing and in accordance with
the present invention, a nethod and apparatus for safer and nore effective
deep tranwoaamsissal intra- 5 uterine artificial insem natiPem/USA3H192B

provi ded. Such a deep Al catheter causes mniml disconfort and risk of
trauma, and does not require the services of a highly trained Al

prof essional In one enbodi nent, a catheter is inserted into the cervical
tract of the aninmal to begin creating a pathway in the reproductive tract
of an animal. A 10 menbrane, initially positioned inside a tube section of
the catheter, is extended froman opening in the tube and into the tract
under pressure. The nenbrane extends into the tract without friction, i.e.
wi thout sliding action bEUMMARMEOFEHEINNENIAON he tract, thereby
reducing the disconfort and the risk of trauma or injury to the animal.
When the nenbrane..is f.ull xtended 15 into the tract r e_causes the
tip of the nenbr aﬁg af%le ep%‘ﬁ%?rﬁg?ltg%?n&%?fc(gg%a %;e Wﬁéa}ﬁprﬁ%ﬁ?%%glﬁlc&mdeposi ting
the genetic materi al suspended in thg fluid into the repr.o%ucti ve tract.

I n accor danc@ghad Bderpealis forsaler sad mare AtfFEe daep APty CHilThe  menbr ane
is facilitated by its taper. Hence in sone enbodi nents, tapering 20 can be
acconpl i Shedutsyine edifisial gnseménagioh (ADHS piaveded. Sudh edeent Aheatheteiof t he

menbrane towards its tip. 3 WO 03/084584 PCT/ US03/ 01927 In addition to Al
and enbryo ttarsphatiinal dkdwiifoanldirsh bl casmb,amdtdoes not require the

services of a highly trained Al professional

In one embodiment, a catheter is inserted into the cervical tract of the
animal to begin creating a pathway in the reproductive tract of an animal. A
10  membrane, initially positioned inside a tube section of the catheter, is
extended from an opening in the tube and into the tract under pressure. The
membrane extends into the tract without friction, i.e. without s}iding action
between the membrane and the tract, thereby reducing the discomfort and the
risk of trauma or injury to the animal. When the membrane is fully extended
15 into the fract, pressure causes the tip of the membrane to open thereby
releasing the Al fluid and depositing the genetic material suspended in the

fluid into the reproductive tract.

In accordance with one aspect of the invention, deployment of the
membrane is facilitated by its taper. Hence in some embodiments, tapering
20 can be accomplished by reducing the wall thickness and/or diameter of the

membrane towards its tip.



pat hway i ncl ude other therapeutic, diagnostic or procedures, such as

i ntroducing fluoroscopic caneras, instrunents, and drug delivery. Note that
t he vari owe oBostses es of the present invention, including tPoa/ses/ernd ng 5
menbrane and the nozzle, can be practiced alone or in conbination. These
and other features of the present invention will be described in nore
detail belowin the detailed description of the invention and in
conjunction with the following figures. BRI EF DESCRI PTI ON OF THE DRAW NGS
10 The present invention is  illustrated by way_of exanple, and not by way
of limtation in lAgd ’ioad?ééaa?'ewhsfoat&a@a i theg2 ﬁ@%ﬁﬁgsf%% in which
like reference nunerals refer to simlar elements and in which: FIGS 1A
and 1B are expatpyvarpcludaotst therrprutly, disgppsicer progefaes,znch 28 and 2C show
deep rigid deep insem nation catheters 15 extending from conventional Al
cat het ers. FliGBodiBingfigbr8Bopicecasehmnmsiramentevimdatiug detiveaf d¥aecdnd aft er

depl oynent, respectively, of one enbodi nent of the catheter in accordance

with the prestavaiicueesitines ofElle@‘;‘eseﬂﬁnm{tfmgmcﬂlﬁi@hﬁweitbﬁdiﬁ%Seﬂb| y of the
enbodi ment of the 20 catheter of Figures 3A and 3B. 4 WO 03/084584

PCT/ US03/ 9192 embrlafiSan e &%l@,%ggbg Z%‘ﬁgecpﬂgngmﬁ@oﬁﬁﬂhtﬁﬁ rfigecat heter

attached to two exenplary

and other features of the present invention will be described in more detail
below in the detailed description of the invention and in conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

10 The present invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings and in which like

reference numerals refer to similar elements and in which:

FIGS. 1A and 1B are exemplary conventional Al catheters.

FIG. 2A, 2B and 2C show deep rigid deep insemination catheters

15 extending from conventional Al catheters.

FIGS. 3A and 3B are schematic views of the before and after
deployment, respectively, of one embodiment of the catheter in accordance

with the present invention.

FIGS. 4A through 4F show the assembly of the embodiment of the

20  catheter of Figures 3A and 3B.



FI GS. 5D and 5E show the catheter during and after deploynent. FIG 6 is
an enl arged draw ng of one enbodi nent of a tapered nozzle 5 for the

cat het er . wblo®884534A t hrough 7E show the insertion and depl egwarsb3/af2t he
catheter in a sow. FIGS. 8A, 8B and 8C are cross-sectional views of
alternative enbodinents of the nenbrane for the catheter. to FIGS. 9A

t hrough 4D show the assenbly and depl oynent of another enbodi nent of the
catheter of Figures 3A and 3B. FIGS. 10 and 11 show alternative enbodi nents

embodi ment of 5 cAtaSt ¥ 9 5 S gpe pbodmeb i Ryt SRES 120 and

12E show yet anot her  enbodi nent of the catheter nozzle. FIGS. 13A through
13D i | | ust r afwo ekemplart AbfisRnseiér ni ati on during the depl oyment of the
menbrane in accordance with the invention. 5 WO 03/084584 PCT/ US03/ 01927

FI GS 14A through 14E show anot her herniating enbodi nent of the nenbrane of
t he present inventflgh. SBRaSSEShow e ddiBterioving end afietdsployarebbdi nent of the
invention where the nmenbrane has a cl osed tip.

FIG. 6 is an enlarged drawing of one embodiment of a tapered nozzle

5 for the catheter.

FIGS. 7A through 7E show the insertion and deployment of the

catheter in a sow.

FIGS. 8A, 8B and 8C are cross-sectional views of alternative

embodiments of the membrane for the catheter.

10 FIGS. 9A through 4D show the assembly and deployment of another

embodiment of the catheter of Figures 3A and 3B.

FIGS. 10 and 11 show alternative embodiments of the catheter tube of

Figure 9A.

FIGS. 12A through 12C show another embodiment of a catheter nozzle

15 of the present invention.

FIGS. 12D and 12E show yet another embodiment of the catheter

nozzle.

FIGS. 13A through 13D illustrate the controlled herniation during the

deployment of the membrane in accordance with the invention.



5 FIGS. 16A and 16B show anot her enbodi nent of the invention wherein a
container is coupled to a nozzle. DETAILED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENVE 03/08us8pr esent i nvention will now be descri bed PeTASIEIT192W t h
reference to a few preferred enbodi nents thereof as illustrated in the
acconpanying 10 drawings. In the follow ng description, nunerous specific
details are set forth in order to provide a thorough understandi ng of the
present invention. It will be apparent, however, to one skilled in the

art, that the pre i,nvent i be practiced w thout so or all of

t hese specific de?ﬁ@%é%gﬁ 2 ﬁgﬁg%ﬁgW§W8@§€ﬁe ﬁ?gﬁﬁ‘ﬂﬁnﬁ @@ﬁﬁg st eps

and/ or structures have not been described in detail in 15 order to not
unnecessariI§m3®§ﬁ%ﬁ%ﬁ?ﬁénﬁﬁgéﬁﬁpnPﬁvention. I n accordance with the present
invention, Figures 3A and 3B are views of one enbodi nent of catheter 300,
prior to and after deploynent of a nenbrane. Figures 4A through 4F
illustrate the assenbly of catheter 300 of Figures 3A and 3B. 6 WD

03/ 084584 PCT/ USOFAGedoA and; Ipd shewayet anpherrambpdimend i thedangtione 410, a

cat heter tube 420, and a subassenbly 430 conprising nenbrane 410 and tube
420. Menbr anevhétdthe ceamiyenabasacdiestdttip. cat het er tube 420 by inserting tip
418 of nenbrane 410 into opening 421 of tube 420, until depl oyable
sections 414 and 416 of nmenbrane 5 of 410 are inside hollow 424 of tube
420. Nexts a | eadiRigSethye add 268 khowe ahsthtteendbiddirhént S épiAdertidho a posi tioni ng
ring 422 | ocated on the outer

wherein a container is coupled to a nozzle.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to
a few preferred embodiments thereof as illustrated in the accompanying
10  drawings. In the following description, numerous specific details are set forth
in order to provide a thorough understanding of the present invention. It will
be apparent, however, to one skilled in the art, that the present invention may
be practiced without some or all of these specific details. In other instances,
well known process steps and/or structures have not been described in detail in

15 order to not unnecessarily obscure the present invention.

In accordance with the present invention, Figures 3A and 3B are views
of one embodiment of catheter 300, prior to and after deployment of a
membrane. Figures 4A through 4F illustrate the assembly of catheter 300 of

Figures 3A and 3B.



surface of catheter tube 420, as shown in Figure 4C. Positioning ring 422
can be machi ned or nol ded dependi ng on the manufacturing process. O her
chem cal wodBwo845physi cal neans of attaching nmenbrane 410 PoTtusb®ow20D can 10
al so be used, e.g., adhesive, heat bonding, ultrasonic welding, chem cal
bondi ng or heat staking. As shown in Figures 4D, 4E and 4F, subassenbly 430
can be press fitted into catheter nozzle 440, by engagi ng nenbrane edge
412 of subassenbly 430 into an internal positioning ring 442 of nozzle
440. 15 Al though subass n be s ntI coupl ed
Co hozal o ag0 BB Taus ihdoRBry & etmachl b e dRr BRe S8utoan be
further secured to each other by sonicall melded or heat staked to
prevent sepaptastbasperablyiddg COU’@QF@?@E@@”@Q&% ad btk MeabrasgddBuct i ve
tract during artificial insemnation (Al) 20 Alternatively, subassenbly
430 can be r ephbeattachyd o catleetqiteloed2igninsatiag tipldé8 obmeimbadriecti Otihtat can be
manuf actured by, for exanple, blow nolding. Another nethod for

constructi ng opkiags 321 tibd 300, till Be lmﬁé sebtiodd N3/ £8 4384 RlehdbiiH3/ 01927
cat heter tube 420 over a nenbrane die, simlar to dies used in ball oon

manuf act ur | ”%f é% RRIiRgad H@llcg;ir QZ@ijtuBQQ%@t N@:‘r‘t@ﬂea@ﬁ’%@ﬁ%@ﬁli ype 420 into a

suitable liq menbr ane a unti| e entire d about half inch of
th d of t het t t . Aft th
e Lo S 05 AR e LA TR o,

nmovenent
surface of catheter tube 420, as shown in Figure 4C. Positioning ring 422 can

be machined or molded depending on the manufacturing process. Other
chemical and/or physical means of attaching membrane 410 to tube 420 can
10 also be used, e.g., adhesive, heat bonding, ultrasonic welding, chemical

bonding or heat staking,.

As shown in Figures 4D, 4E and 4F, subassembly 430 can be press
fitted into catheter nozzle 440, by engaging membrane edge 412 of
subassembly 430 into an internal positioning ring 442 of nozzle 440.

15 Although subassembly 430 can be sufficiently mechanically coupled to nozzle
440, the various components of assembled catheter 300 can be further secured
to each other by sonically welded or heat staked to prevent separation during
deployment, such as inside the reproductive tract during artificial insemination

(AD).

20 Alternatively, subassembly 430 can be replaced by a one-piece
membrane-tube combination that can be manufactured by, for example, blow

molding. Another method for constructing subassembly 430 is to insert



of catheter tube 420 detaches tube 420 fromthe die and al so automatically
inverts nmenbrane 410 into catheter tube 420, thereby form ng subassenbly
430. Menbwervd/o845p4 418 can i ncl ude an openi ng such as a sl IPCTArSOx0WRT cul ar
or 10 oval hole. Alternatively, instead of an opening, tip.418 can include
a soluble plug or a pre-weakened seal designed to dissolve or fail under
pressure at the right tine. Depending on the specific application, nozzle
440 can be of different shapes and sizes, and conbi nation thereof,
including but not limted to spirals,. 15 bul bgus k ob |nclud|ng t he
nozzles ill u%%thﬁﬁréé}b%@@%‘ﬁraégemwanﬂé‘e %@ﬂaﬁﬁ 1%1&56:3 MPRough spirals are
optional, approximately one to three spirals may be optiml when cat heter
300 is used imans@cmEngStippingtheds leéﬂlealﬁéc@ﬂ%the%welﬁ‘@@ ife@ause nenbrane
410 is self-sealing, longer and self-guiding. In sone enbodi nents, nozzle
440 is taper egdtabte judd nenibigerhédimuntiitthe érttizre tifecamil. abadk Halffihelr efthe menbr ane
materi als and si ze thickness depend on applications and target ani mal. For

virgin sows, ol §cK@WuBRSAT) 1k cSated AFh tBe mBmWEAnES iR S8feREd 1iBa3/ 01927
440 may have a smaller dianeter and shorter length. Conversely, for second

to seventh pas tb¥anse§}4’§d1¥\ﬁst Jﬁr%dmirﬂe br?ﬂer t; BLE Aﬁﬁ%hﬁbdgiﬁilgtém%ﬁt have a

| ar ger i anet onger | tate t genetic
mat eri al s and/ or i.ns le i,n _so t he overal |
| ength of meRbrafpRict agigf(igeﬁa é-‘&ﬁméﬁ e)fh‘? ?ﬂaffﬁ?o a%?’&ﬁ?%ﬁches and
tapering gently from one-

inverts membrane 410 into catheter tube 420, thereby forming subassembly

430.

Membrane tip 418 can include an opening such as a slit or a circular or
10  ovalhole. Alternatively, instead of an opening, tip 418 can include a soluble
plug or a pre-weakened seal designed to dissolve or fail under pressure at the

right time.

Depending on the specific application, nozzle 440 can be of different
shapes and sizes, and combination thereof, including but not limited to spirals,
15 bulbous knobs, including the nozzles illustrated by Figures 1A, 1B, 2A, 2B,
and 2C. Although spirals are optional, approximately one to three spirals may
be optimal when catheter 300 is used in swine. Shorter nozzles are also
possible because membrane 410 is self-sealing, longer and self-guiding. In

some embodiments, nozzle 440 is tapered to aid in insertion into the tract.

20 Different membrane materials and size thickness depend on

applications and target animal. For virgin sows, also known as gilts, nozzle



ei ghth of an inch. Depending on the specific type and size of the target
application, different materials, size, and thickness can be enpl oyed.

Sui t abl e watoas#Bs for nozzle 440 and nenbrane 410 of ca®Ph@tEse3/@0OQ7 i ncl ude
silicone, silicone gel 10 packs, foam |atex, C earTexTM (avail able from
Zeller International, New York), polyners, plastics, netals, or

conbi nations thereof. Qther candidate materials include the polyolefins,
pol yet hyl ene and pol ypropyl ene, the polyacetals, ploy-butadi ene-styrene
copol ynmers, the polyfluoro and ol yf 1 uor ochl gr o- pol rg, such as Tefl onTM
and ot her pdt4PrBeshaied smaliepgigmp @%@Sl}%teéff‘él&ﬁli I%Vﬁégg’r §3§§9%° tional views
of Figures 8A and 8B, other enbodinents include a nenbrane 810 that are
simlar to aochvdnth parity spws with largeskirth kenalamazzle 44 way dieve & Brg®sd enbodi nent
820 not unli ke a condom respectively. A twi n forked-nmenbrane 830 is al so
possi bl e f ordigeplepymElhgerdtngdthtofaciieatel el depddt ofipgenbiir matedblsandow, as shown
in Figure 8C. 9 WO 03/084584 PCT/ US03/01927 Many variations of catheter

300 are posi(%@élﬁ)stigﬁfstrﬁfﬁ%ﬁﬂ@.' or SRS B s03R0hERY AR 6 gL inBiBranybes wi t h
mul ti pl e nenbranes. Such an enbodi nrent may be useful in | aparoscopy where

one pat hpay }-S, creat g CRMELA . I reated for an
i nstrurre¥1v'fl d{m%ﬁ%gua? reofrxgl{latgbyt er nzci)tael1 @gﬂ%ﬁesa g%%ﬁ%oﬁorcféat heter 300
can also be used to create a |l arge pathway within which one or nore

smal | er cat HegERSTaaMBe depl oyed.

Depending on the specific type and size of the target application,
different materials, size, and thickness can be employed. Suitable materials
for nozzle 440 and membrane 410 of catheter 300 include silicone, silicone gel

10 packs, foam, latex, ClearTex™ (available from Zeller International, New
York), polymers, plastics, metals, or combinations thereof. Other candidate
materials include the polyolefins, polyethylene and polypropylene, the
polyacetals, ploy-butadiene-styrene copolymers, the polyfluoro and
polyfluorochloro-polymers, such as Teflon™ and other polymers and

15 copolymers.

As shown in the cross-sectional views of Figures 8A and 8B, other
embodiments include a membrane 810 that are similar to a children’s party
noisemaker and an inwardly-rolled embodiment 820 not unlike a condom,
respectively. A twin forked-membrane 830 is also possible for deployment

20  into the dual uterine horns of a sow, as shown in Figure 8C.



Fi gures 5A, 5D, and 5E, show catheter 300, before, during and after

depl oynent, respectively. Figures 5B and 5C one enbodi nent of the catheter
att ached wo osnets8ypes of Al dispensers. Figures 7A througirCTHSshiam2t he 10
insertion and depl oynent of catheter 300 in a sow 780. Catheter 300 is
depl oyed by introducing genetic material suspended in a suitable fluid
under pressure into sow 780. As shown in Figures 5B and 5C, the Al fluid
can be transported in a suitable dispenser, such as a squeeze bottle 560

or a pre- packaged tube.570. 15 ferring to.Figure 7A .catheter 300 is
inserted into va YV@%§#w§0§§%§§8F&¥Bﬂ9B%E#ﬂﬁgﬁﬂg?%P@Eb6”?%65radua||y
pushed further into sow 780 until, nozzle ti % 556 is fully inserted into
vagi na cavi t 300782y hawe mpisine thbesrvigume iyl mepbrangs, guchean edbodiment 300 | s
then gently eased into cervical tract 784 of sow 780 until nozzle tip 556
engages at |magbe ubsulfindapareseopy whereronagathfivag@s erertedl ferla qamesa gy,  Unl i ke
conventional catheters, nenbrane 410 is not advanced until catheter 300 is

posi tioned i gcel pithwhy isr@€dted B an itveiglyt dukhho\W0r €13y, 0RREBALIRD,/2US03/ 01927
preventing contamnated materials that may be contained in vaginal cavity

782, or Elui ﬁggéaf JiELEMh &8 300 AR tisf A ustd RBrbas agarg@gétﬁ@% @lithyn transferred
into uterus 8 f

or uterine horns of sow 780. Hence, bio-security of uterus

788 is maintai ned. 5 Next s shown in.Figur D, Al fluid under pressure
is fed into Wﬁ%? WEFSF“%’6%@?4?66&%@?%”(:"5‘%bﬁéigélé)ﬁ%‘iat ed manual ly via a
di spenser 560 or by a

Figures 5A, 5D, and 5E, show catheter 300, before, during and after
deployment, respectively. Figures 5B and 5C one embodiment of the catheter
attached to two types of Al dispensers. Figures 7A through 7E show the

10  insertion and deployment of catheter 300 in a sow 780. Catheter 300 is
deployed by introducing genetic material suspended in a suitable fluid under
pressure into sow 780. As shown in Figures 5B and 5C, the Al fluid can be
transported in a suitable dispenser, such as a squeeze bottle 560 or a pre-

packaged tube 570.

15 Referring to Figure 7A, catheter 300 is inserted into vaginal cavity 782
of sow 780. Catheter 300 is gradually pushed further into sow 780 until

nozzle tip 556 is fully inserted into vagina cavity 782, as shown in Figure 7B.

In Figure 7C, catheter 300 is then gently eased into cervical tract 784
of sow 780 until nozzle tip 556 engages at least the first cervical ring of
20 cervical tract 784. Unlike conventional catheters, membrane 410 is not

advanced until catheter 300 is positioned in cervical tract 784, thereby

10



sui tabl e punp, such as a pneumatic or hydraulic punp. The effect of the
pressure causes nenbrane 410 to begin unfolding in an inside-out manner not
unl i ke r ewowdmngssene' s sock by pulling fromthe open end. ACThsog/moeat het er
10 300 includes an opening in nmenbrane tip 418, the Al fluid under pressure
keeps the opening of tip 418 closed until nenbrane 410 is fully extended
into cervical tract 784. Referring now to Figure 7E, nenbrane 410 of
catheter 300 continues to advance in a frictionless manner into the curved

and narrow passagewa 15 .cervi frac tonatl aII centering
the ever- eprﬁﬁﬁﬂ %?&ﬁ?ﬁmﬁﬂ§?me ? Ewa%% Wﬂﬁﬁpgﬂ ﬁ% direction
of | east resistance. is this expansion and automatl c centerl ng action of
nenbr ane 410 78Rr Ué‘éﬁ/%‘?mé@é’éﬁﬁéﬁ?“@ﬁébﬁ@@ bemgncaidentalip trepsfgwedinia s way

t hrough cervical tract 784 without damaging or irritating delicate

ti ssues. Evemtared 788 otienmeZd®rneniroan#s04 Hencs, HioHsequriéx oEwtdrd 788 ds menbr ane
tip 418 is near to or at the entrance of uterus 788, the pressure causes
tip 418 to opefinthiaedeby allowing 11 WO 03/084584 PCT/ US03/01927 the A
fluid to be deposited at the deeper end of cervical tract 786 and/or
directly into uterus 788. While a slight taper of nenbrane 410 aids

depl oynmenf in Cer‘!\!e%@'astsﬁ%ﬁmﬁ%@ve e T MRE ind&R Y reRbrele frdagaessary for
proper depl oyment. I'n some 5 app i cations, partial penetration of nenbrane

410 into t he !{hgter hlgregsﬁ.l{é O pe y%erﬁglvgpe)d ﬂlgllu%il§9130£§1§}5&1|88‘ 56%I r%vang for

exanpl e the X rodu i'on o

suitable pump, such as a pneumatic or hydraulic pump. The effect of the
pressure causes membrane 410 to begin unfolding in an inside-out manner not
unlike removing one’s sock by pulling from the open end. Although catheter
10 300 includes an opening in membrane tip 418, the Al fluid under pressure
keeps the opening of tip 418 closed until membrane 410 is fully extended into

cervical tract 784.

Referring now to Figure 7E, membrane 410 of catheter 300 continues
to advance in a frictionless manner into the curved and narrow passageway of
15 cervical tract 784, automatically centering the ever-expanding forward most
portion of membrane 410 in the direction of least resistance. It is this
expansion and automatic centering action of membrane 410 that
advantageously enables membrane 410 to worm its way through cervical tract
784 without damaging or irritating delicate tissues. Eventually, when
20  membrane 410 is fully extended and membrane tip 418 is near to or at the

entrance of uterus 788, the pressure causes tip 418 to open thereby allowing

11



transplants. Hence the invention elimnates the need for nultiple renovable
sheat hs by progressively feeding new portion of nenbrane 410 in an 10

unf ol di ngwprosoesss Every newl y extended portion of nenbrameTABO3/I®2Bterile
because there is no prior contact with other biological tissue, such as
vagi nal cavity or other body fluids. Wien a suitable amunt of Al fluid
has been deposited into sow 780, nenbrane 410 coll apses after the fluid
pressure dissipates, allowing for safe 15 and easy w thdrawal of the

relatively fl,at l.exi bl ) th,and | ubrjcated rf of,, menbr ane 410,
causing m ni %A%gl%l%ﬂggg?poﬁﬁoa&)ﬁtgg? ﬁ%epﬁ{ %qdn%fcer‘f’lfaéﬁr%?fgt%r%{% and damage to
the recipient_ aninmal. The use of trans-cervical intra-uterine Al

advant ageousldire?t’é’dﬂ%‘ételf“ﬁggsvol ume of Al fluid needed for successful

i nsem nation by delivering the 20 genetic materials where nature intended,
i.e., into uterus_788. For exanple, a 12 WO 03/084584 PCT/US03/01927
normal dose of 4- 8Viyilg 2 slight tapesef mombrene 4 e aldsdoplpEmertidy cedioebirddéwer t han 1
billion for successful Al when trans-cervical intra-uterine A is enployed.
I n conventi 0&b, tht tapar maphbt vi medewsaryf foopppert depldyyentr Inssoseccessf ul  deposi t
of genetic material suspended in the Al fluid occurs during standing 5

heat, whisch lLgslicatibs, p@xmﬂag%éﬂepf@ti&poﬁhaﬁsmﬁé Yo 8o MeaidtiRNRrsQnbiIr ee hours
during estrus, when sow 780 is receptive to boar nmounting. During standing

heat, when &, R0aNs IRYBbSiOWMIAR g HF YAFAL tld AfbddEbn o aBRoNnt o the

boar's penis

transplants.

Hence the invention eliminates the need for multiple removable
sheaths by progressively feeding new portion of membrane 410 in an
10  unfolding process. Every newly extended portion of membrane 410 is sterile
because there is no prior contact with other biological tissue, such as vaginal

cavity or other body fluids.

When a suitable amount of AT fluid has been deposited into sow 780,
membrane 410 collapses after the fluid pressure dissipates, allowing for safe
15 and easy withdrawal of the relatively flat, flexible, smooth and lubricated
surface of membrane 410, causing minimal discomfort and posing minimal

risk of trauma and damage to the recipient animal.

The use of trans-cervical intra-uterine Al advantageously reduces the
volume of Al fluid needed for successful insemination by delivering the

20 genetic materials where nature intended, i.e., into uterus 788. For example, a

12



to assist ejaculation, and uterine contractions draws the senmen through
cervical tract 784. |If conventional Al is attenpted outside this small

wi ndow 10wofo3opses t unity, sow 780 will not assist in the @CaIMSNyOWR7 t he
senen through cervical tract 784, and nmuch of the Al fluid will backflow
out the sow s vulva and is wasted, thereby reducing the probability of a
successful litter. Unlike conventional A, catheter 300 is effective during
refractory heat, which is the nuch | onger period during estrus when

cervical tract 784 is_ 15 rel axed, allow ng easi er net.rati.on .of cervi cal
tract 784. Soawal doseRbf biltny Thishgyae S@Eﬂ??‘@é’%@?@\#&%%@ﬁ&”&&posi ts the
genetic material suspended in the Al fluid nuch closer to uterus 788,
resi stance dalivadobsuce¢safpidd gvhsaitianegervical mgp-wpginedih s ggpéeyafdi ng heat i s
not needed and probably undesirable. Hence <catheter 300 is effective
during the much | onger refractory heat period because 20 senen can be

deposited effi ci entdoyvanidnui AR asimilivahdewe st opmirivoity ifor cwicedss@l  tract 784.
13 WO 03/084584 PCT/ US03/01927 Hence the advantages of trans-cervical

i ntra-uteri n@phlit 685enR8c GRMRIaDAGpMdel it R ARfhdl oveurs aleig/stamiihef f ecti veness
of catheter 300 of the present invention. Farners can now use Al in the

much | onger l{e%F, g 'f@acssnl% BGE ‘cooéllght%lﬁﬂi@s @ger{y hgs %o ﬁz‘lﬁ%é‘lfoui‘@&ﬂfﬁigt O operate

nore efficientl’y, since uccessfu I's no Fonger mted to the nuch
shorter standin eat perjad. Yet .another si nif%’il can ?Iv ntage of the
present i nve?ﬂﬁugﬁv ?SPE"eF;%F FeFpuvedp bﬁ%’f’r@?'&’?s‘nt 210" %"é‘g nogf/h elaﬁ a
self-centering and sel f-directing nmanner, , .

when a boar mounts sow 780, cervical tract 784 clamps onto the boar’s penis

to assist ejaculation, and uterine contractions draws the semen through

cervical tract 784. If conventional Al is attempted outside this small window

10 of opportunity, sow 780 will not assist in the drawing of the semen through

cervical tract 784, and much of the Al fluid will backflow out the sow’s vulva

and is wasted, thereby reducing the probability of a successful litter.

Unlike conventional Al, catheter 300 is effective during refractory

heat, which is the much longer period during estrus when cervical tract 784 is
15  relaxed, allowing easier penetration of cervical tract 784. Since catheter 300

bridges cervical tract 784 and deposits the genetic material suspended in the

Al fluid much closer to uterus 788, resistance caused by clamping cervical

tract 784 during standing heat is not needed and probably undesirable. Hence

catheter 300 is effective during the much longer refractory heat period because
20  semen can be deposited efficiently and with minimal restriction in cervical

tract 784.
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when depl oyed under pressure. During manufacture, a suitable |ubricant may
be applied to the surface of nenbrane 410 that may cone into contact with
10 t he traoto3os4sshe ani mal, further reducing disconfort amdTrisskowR7trauna
during deploynent and withdrawal of catheter 300. In addition, unlike the
conventional rigid deep penetration catheters, once nenbrane 410 of

cat heter 300 has been depl oyed and withdrawn from cervical tract 784, it
is difficult to reinsert nenbrane 410 back into catheter 15 nozzle 440 and

tube 420, thereby.discouraging the reuse .of .the now gont aj nated nenbrane
410. Referring no@%{l%e @leﬁaﬁg@éa%ﬁiofﬁ?rbsﬁwlﬁ%,m%}l{éﬁng%\g\?valfE%e assembly and
depl oynent of anot her _epbodi pent _of the invention for in fairly |arge
ani mal s suchcyabiagd wath therplatyg safeporndsffegtyencss ¢ ah@iﬁf@&@éﬂ@i aneter. This
20 is because if the dianeter is too small, nenbrane 410 may get trapped in
the nooks aptsent amvenden.bBavmsencapmomy ussiAlng the much leagewefragprycwet/i cal tract
784, 14 WD 03/084584 PCT/US03/01927 786. A fairly large dianeter allows

menbr ane 410pérodyaldwingphbicsh sadiedrmdsperans nioraislioratly,lsarceby perm tti ng
menbrane 410 to conpl ete depl oynent. However with a fairly | arge nmenbrane

di amet er 5 any, QeRANi A 15Bb Mgt limitBdTR b RelchRE6ES scRAlhRIRA fdHa. 420 after
menbrane 410 has fully depl oyed is 5 wasted. Hence, in accordance with one

aspect of the invention, tube 420 has a flared hollow section 424a and a

reduced hol | ow segt, - A5ReGchQhvi RS 144Q Bl Pe
manuf act ur ed usi ngtet %&%ﬁ%&é&g‘éﬂ-‘%ﬁ%%&%%g%ﬁe Bpresedt thv e ity

of membrane 410 to deploy in a self-centering and self-directing manner,

when deployed under pressure. During manufacture, a suitable lubricant may

be applied to the surface of membrane 410 that may come into contact with

10  the tract of the animal, further reducing discomfort and risk of trauma during

deployment and withdrawal of catheter 300.

In addition, unlike the conventional rigid deep penetration catheters,
once membrane 410 of catheter 300 has been deployed and withdrawn from
cervical tract 784, it is difficult to reinsert membrane 410 back into catheter

15  nozzle 440 and tube 420, thereby discouraging the reuse of the now

contaminated membrane 410.

Referring now to Figures 9A through 9D, which show the assembly
and deployment of another embodiment of the invention for use in fairly large
animals such as swine, membrane 410 may have a fairly large diameter. This

20 is because if the diameter is too small, membrane 410 may get trapped in the

nooks and crannies between protrusions from the wall of cervical tract 784,

14



skilled in the art including extrusion with vacuumor air pressure, blow
nol ding, and injection nolding. 10 Figures 10 and 11 illustrate alternate
enbodi mrerwe 00/084s5&t het er tube 420 where a | arger di anet er PCoOhsSoye®eT on 420a
is coupled to a snaller dianeter tube section 420b. These sections 420a
and 420b can be mated using techniques known to one skilled in the art
such as press-fitting, adhesive or heat sealing, or with a connector 420c
as shown in Figure 11. 15 As di scussed above, there are nany ways to attach

menbrane 410 to catheter tube 420 form ng suhassenply 430,. and al so many
ways to attd@ﬁifﬁ@%@Y@“@ﬂ@aF6“¥BB@W%Hﬁg@Eﬁﬁﬁﬁgtﬁ@@&£@¥ﬁﬁﬁggea§’912C show
the assenbly of a self-sealing nozzle 1240 for catheter 1200, whereby the
i nner di anmet gotrofionnibzreby peddidngsmempene 41 @ trocangpletedeplghimedt. t o fit securely
thereby formng a tight 20 seal with subassenbly 430 when subassenbly 430
is inserted into nozzle 1240. 15 WD 03/084584 PCT/ US03/ 01927 Figures 12D
& 12E show t he asHewbler vaifth afsnymrgamembsine didniters adyf geanetié imatgriabzz| e 1240
of Figures 12A-12C. Wien subassenbly 430 is inserted into nozzle 1240, an

i nner ring 12420k RR%% @ihbe4 QusenesfiePendrareall 0 &8P aNsi egldyesid i oni ng ring
422 | ocated on the outer surface of 5 subassenbly 430. In accordance with

another 3speghedl. fibfd BVARbIdARke $in SROMB BN Il ftioh3iibe d2Phayarent of
menbr ane 410 %roug ahy obstructions su as a \

flared hollow section 424a and a reduced hollow section 424b. The flared

aspect for tube 420 can be manufactured using techniques known to one

skilled in the art including extrusion with vacuum or air pressure, blow-

molding, and injection molding.

10 Figures 10 and 11 illustrate alternate embodiments of catheter tube 420
where a larger diameter tube section 420a is coupled to a smaller diameter
tube section 420b. These sections 420a and 420b can be mated using
techniques known to one skilled in the art such as press-fitting, adhesive or

heat sealing, or with a connector 420c as shown in Figure 11.

15 As discussed above, there are many ways to attach membrane 410 to
catheter tube 420 forming subassembly 430, and also many ways to attach
nozzle 440 to tube subassembly 430. Figures 12A-12C show the assembly of
a self-sealing nozzle 1240 for catheter 1200, whereby the inner diameter of
nozzle 1240 is tapered and is configured to fit securely thereby forming a tight

20  seal with subassembly 430 when subassembly 430 is inserted into nozzle

1240.
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narrowi ng of cervical tract 784, 786 is facilitated by its tapered shape.
Taperi ng of nmenbrane 410 can be acconplished by reducing the wall 10

t hi cknesswandibsrssdi amet er of nmenbrane 410 towards its tippPCr/uso3/omemy from
nozzl e 440. Hence, in sone enbodi nents, the nenbrane wall thickness is
tapered while the nmenbrane dianeter is gently tapered or not tapered at
all. For exanple in swne and simlar size aninmals, the |length of nmenbrane
410 is approximately 3 to 7 inches fromnozzle 440 to nenbrane tip. The 15
external di aneter_of n?nbrane 410 can raqﬁe f.rom about 3/%@ iﬁghes to 5/16
i nches. Menbrane kighes d kP& A 2Eshew theassspbly ofp Span-o% ¥ HEPIW° 025 i nches
at nozzle 440 to 0.003' inches at the nenbrane tip. Naturally, specific
menbrane di neakignezzii 13400 Fagieso2A-A2Cp W subessembly 438rib et er i al

such as elasticity and strength, and also depend on the 20 size of the
tract of theintafiqeleclR4onimiahersierci 2. of Sozilabl4) srepbméme material s include a
| at ex conmpound (product code 1175YL, batch X2471) available 16 WO

03/ 084584 P%&é%@&&%iﬁ&nﬁ@@iﬁ?ﬂmbeﬁe&@ﬁ BRI Rtdrurthde ¢fal | Ri ver,
ulta

Massachusetts. bl'e coagul ants include calciumnitrate tetra-hydrate
crystal geagﬁ%gwaﬁﬁi 2.4H20. Figures 13B through 13E illustrate the
controll @d herniation aspect of the present invention which is made
possi bl e by tapered nenbrane 410. In 5 Figure 13B, nenbrane encounters an
obstruction in thm aeonasa with andthét8dpect BEtha uswentienias ahewd b Figuse a t aper ed
wal I thickness, herniation occurs at the point of |east resistance, which
is at the fu{iRefPRymdRPbiheRbrade Rl O iFBidh 4y dH3uctions such as a

narrowing of cervical tract 784, 786 is facilitated by its tapered shape.

Tapering of membrane 410 can be accomplished by reducing the wall

10  thickness and/or diameter of membrane 410 towards its tip, i.e., away from

nozzle 440. Hence, in some embodiments, the membrane wall thickness is

tapered while the membrane diameter is gently tapered or not tapered at all.

For example in swine and similar size animals, the length of membrane
410 is approximately 3 to 7 inches from nozzle 440 to membrane tip. The
15 external diameter of membrane 410 can range from about 3/16 inches to 5/16
inches. Membrane wall thickness can vary from approximately 0.025 inches

at nozzle 440 to 0.003 inches at the membrane tip.

Naturally, specific membrane dimensions will depend on the properties
of membrane material such as elasticity and strength, and also depend on the
20  size of the tract of the targeted animal species. Suitable membrane materials

include a latex compound (product code 1175YL, batch X2471) available
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cervical tract 784, i.e., the furthest point fromnozzle 440. As shown in
Figure 13c, with continuing fluid pressure in nenbrane 410, the herniation
cl ears thwOIG/084584 ructi on at tract 784, enabling nenbraneP¢TWSHBHOWRDP! Oy
toward cervical tract 786. In this exanple, nenbrane 410 encounters

anot her obstruction at cervical tract 786 and herniates at the present
furthernost point of deploynent, cervical tract 786, thereby clearing the
obstruction and enabling nenbrane 410 to conplete deploynent into uterus
788. 15 There are several ways.t nuf act ur e nenbr neb410 mﬁ%@ a tapered
wal |t hi ckndian Heweatep orporationgn ba SACHUSES \TERPIHS28H9YP  end fi rst
into a tank of liquid latex (not shown). By controlling the dwell tine and
di ppi ng cyclirclide eateiumaritcate tesrebhhiete smotahiqagen), Gr@IHE8820al | t hi ckness can
be formed over the nenbrane tool. The conbination of gravity and because 20
t he nozzle end of the nenbrane tool is the first to enter the tank and is

al so the [last pggtian e B8 - # hi ckness of
menbr ane 410 is%:l%lll’rg égs]? ﬂjlnrgg %%@eﬁlrll%@%é engﬁgﬁe?& %&%gﬁgyﬂfo
PCT/ US03/ 01927 I n another.  enhodi ment hown i.n_ Figure t hrough 14E,
i nstead of dBRPIEEMt HeRUPHVR{GIIR epﬂgﬁﬁﬁgi’%@fe%ﬁﬂﬁ%ﬁaﬂ? ibql epl oynent ,
menbrane 1410 herniates substantially continuously and uniformy along the
tract dufi ngFigeedBBymsnrbranpangowyiess an RRyTuCHEY bide ¢eeiqdl tast 74fli nal s with
relatively 5 conplex reproductive tracts, such as ewes, where the cervica
tract conpriB&ausemaaybpat dhd had a tapenpd watlrthickmdss,sheenidticdOoccBys dhéreni at i ng and
expandi ng '

point of least resistance, which is at the furthermost point of deployment in the

cervical tract 784, i.e., the furthest point from nozzle 440. As shown in Figure
13c, with continuing fluid pressure in membrane 410, the herniation clears the
10  obstruction at tract 784, enabling membrane 410 to deploy toward cervical
tract 786. In this example, membrane 410 encounters another obstruction at
cervical tract 786 and herniates at the present furthermost point of deployment,
cervical tract 786, thereby clearing the obstruction and enabling membrane

410 to complete deployment into uterus 788.

15 There are several ways to manufacture membrane 410 with a tapered
wall thickness. One way is to dip a membrane tool with the nozzle end first
into a tank of liquid latex (not shovx;n). By controlling the dwell time and
dipping cycle in the tank, membrane 410 with a graduated wall thickness can
be formed over the membrane tool. The combination of gravity and because

20 the nozzle end of the membrane tool is the first to enter the tank and is also the
last portion to leave the tank ensures that the wall thickness of membrane 410

is thickest near the nozzle end.
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continually to a controlled dianmeter, nenbrane 1410 fills the cervi cal

tract and these traps can be gently pressed aside and rendering a

rel ati velwoasnstse4 pat hway for the incom ng genetic materipalr/ust®oBeyur e 15A
and 15B show anot her enbodi nent of the invention where nmenbrane 1510 has a
closed tip 1512. This closed tip 1512 enables the substantially precise

pl acenment of enbryo(s) suspended in a mnimal anmount of fluid, or gel
deposited at nenbrane pouch 1514. This enbodi nent may al so be useful for
depositing a small vol une of enetlclg1 mat,er al s h as %ﬁﬁ st frozen
senen. Ref erri ng Howothst pnbedident #4gWgE 11 E;ur‘?s %’r uch as
cows, a container 1610, e.g. a bottle or flexible senen tube (570) whi ch
hol ds t he gerfephiroled kariiation atdhe Buthermest pett phdeployeeniagrmaaBe t he ani mal .
Hence, nozzle 440, attached to nenbrane 410, can be screwed directly onto
cont ai ner 161 0&rthiktessubatiptiailyechninseushy) mdhﬁﬁﬂminiy alengltheftmct @@imgepl oynent .
18 WD 03/084584 PCT/ US03/01927 Once fully extended into a tract of a

reci pi ent  anidi®ymdit 9ThislcbBdiniit hﬁ?rb@@!@@ﬁﬂ Meanithale bwith REfivEigt ory tract,
circulatory t ct or digestive tra cat het er 300 prow des a prot ectl ve

shield for t&%ﬂl&?&é&é @tl%trgct%“sﬁ&sassé&?eg @ﬁere ane 4fg&%%ﬁe tubes, or

ot her di agnosti era eutrc i nstrun’ent S. origi naI
pat ent references #4 ess | ter etl n h| el ds the tract
fromthe scrapihgete t&agtt’iapﬁ ! ]HF“% ]o‘ﬁ:O a‘ﬂ%/ ti?% 2488nt act and
friction of the hard, sem -blunt instrunents_and

continually to a controlled diameter, membrane 1410 fills the cervical tract

and these traps can be gently pressed aside and rendering a relatively smooth

pathway for the incoming genetic material.

10 Figure 15A and 15B show another embodiment of the invention where
membrane 1510 has a closed tip 1512. This closed tip 1512 enables the
substantially precise placement of embryo(s) suspended in a minimal amount
of fluid, or gel deposited at membrane pouch 1514. This embodiment may
also be useful for depositing a small volume of genetic material such as

15  previously frozen semen. Referring now to Figures 16A and 16B, in larger
animal such as cows, a container 1610, e.g. a bottle or flexible semen tube
(570), which holds the genetic material, can be inserted into the vagina of the
animal. Hence, nozzle 440, attached to membrane 410, can be screwed
directly onto container 1610 and the completed assembly 1600 is ready for

20  deployment.
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probes on the otherw se unprotected tract. As a result, healing time and
the risk of infection are significantly reduced, thereby | owering recovery
ti me and wo@3oess4 Al t hough the descri bed enbodi nent of ca&Chatses/ oD uses
an inverted nenbrane 410 which is turned inside-out during deploynent, the
concepts of a self-guiding, frictionless, nenbrane 410 which is depl oyed
with mnimal disconfort and traunma to recipient animals has many
applications. In addition 15 to Al and enbryo transpl ant, nany ot her

applications for catheter 30 re ossi.bl e.. .For ex | e. .cat heter 300 can
al so be used for épgaﬁﬁgﬁﬁﬁmgﬁﬁma}ag%ﬁ&f&ﬁ%@ﬂ@%‘@ﬂB%?%&vP&ﬂ?ﬁ n which

pat hways are created in the reproductive tract, respiratory fract,

ci rcul at ory teproducibve ticgasspinatory frael cisfulateny trast phdigatiive Sartng3thele a pati ent .
These pat hways enabl e procedures such as enbryo 20 transpl ant and drug
delivery to 3 mevides aprhtedtizpahiekicopthe ipredtimhfidesicssisieh aas i nt r oduci ng
caneras and instrunents are al so possi ble. Depending on the application,

the size andeRi3gRpes firacBéANaliRE, &@Qqeawgﬁ@dtwana%éf@eaaé 84584nECT/ US03/ 01927
VWhile this invention has been described in ternms of several preferred

embodi rre?gs’l\/lteﬂl%'f%eail% (ﬁleﬁgﬁél ?gﬁ%?t r\i!\ﬁfét L fbEA 10 NRIesPEIUt at i ons, and

substitu equi valents, In the scope of this invention. It

shoul d al so be. noted that .there are. many alternative . i npl ement i ng
t he met hods %Hﬁmgqﬁﬁﬂgﬁglégﬁgs t?%%&%?g%%%¥q¥W%3%??8%£@¥§m$%n%ﬁ£refore
intended that the follow n appended . cl ai be i i i

all such al t egusged l@y@l,e qqg@pl? qr@al%g@%c,)f thg hgrld[nssemi?bl{lgttigsr ! eén(’:f‘sd anac‘iS I ncl uding

probes on the otherwise unprotected tract. As a result, healing time and the
risk of infection are significantly reduced, thereby lowering recovery time and

10 cost.

Although the described embodiment of catheter 300 uses an inverted

membrane 410 which is turned inside-out during deployment, the concepts of
a self-guiding, frictionless, membrane 410 which is deployed with minimal
discomfort and trauma to recipient animals has many applications. In addition

15 to A and embryo transplant, many other applications for catheter 300 are
possible. For example, catheter 300 can also be used for diagnostic and/or
therapeutic applications in which pathways are created in the reproductive
tract, respiratory tract, circulatory tract or digestive tract of the recipient
animal or a patient. These pathways enable procedures such as embryo

20  transplant and drug delivery to be performed. Laparoscopic procedures such
as introducing cameras and instruments are also possible. Depending on the

application, the size and shape of catheter 300 may vary.
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pernutations, and substitute equivalents as fall within the true spirit and
scope of the present invention. 20 WO 03/084584 PCT/US03/01927 CLAI M5
VWhat is cweioapstsss: 1. A nmethod of creating a pathway in CTrEos/ovR7 an
animal, useful in association with a catheter having a tube coupled to a
menbrane initially 5 positioned substantially inside the tube, the nethod
conprising: inserting the tube into the tract of the aninmal; and extendi ng
the nmenbrane froman opening in the tube and into the tract, thereby

creating the pat y. the tract t he e.i s, extended in
the tract V\nthout‘\g\@ﬂied 1§ dnveation, ast}zgpq\ggsfqngﬁcgmﬁg %ﬁ%vgﬁﬁprpﬁg 40 tract. 2.
The nmethod of claim1l wherein the extension of the nenbrane _ is caused by
pressure. 3.embelimenisoersiare pligrations,mediicaians epermytations apd subsifuie cal tract
of the animal. 15 4. The nethod of claim3 .wherein the aninmal is a sow.
5. The net hogpuifaleltgiwhidh filevigiin thehreopaibithisdsventipapérshduldakselbe | ocat ed at
t he opening of the tube. 6. The nethod of claim 1 wherein the nenbrane is

tapered. 7. Jhed iit ek 8F nthgiafeBafivd WHRY ofaRPRMdtiAG tibanesbds ahd geneti c
5 apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, modifications,

permutations, and substitute equivalents as fall within the true spirit and scope

of the present invention.
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20 material into the animal. 8. A catheter useful for creating a pathway in
a tract of an animal, the catheter conprising: 21 WO 03/ 084584

PCT/ USO3/W093/P84584 t ube configured to be inserted into thePCTasSN3/OM21T he
animal; and a nenbrane initially positioned inside the tube, the nenbrane
configured to extend froman opening in the tube and into the tract, and
wherei n the nenbrane extends w thout sliding action between the nenbrane 5
and the tract. 9. The catheter of claim8 wherein the extension of the
menbrane is caused by pressure. 10. The catheter of claim@8 wherein the
tract is the cervical tract of thegi@ﬁ&ﬁ%' 10 11. The catheter of claim10
wherein the animal is a sow 12. Th ter of claim8 wherein the tube
has a tapered nozzle |ocated at the opening of the tube. 13. The catheter
of claim8 wherein the nmenbrane is tapered. 14. The catheter of claim 10
wher ei n t he Whgbisgldmpdisconfi gured 15 to deposit genetic material into the
animal . 15. A nethod of creating a pathway in a tract of an animal, useful
in association with a catheter having a nmenbrane initially positioned
substantial |y insl.de tAengbehef@eatingrepathvdion actorebef a1 admal, useful

in association with a catheter having a tube coupled to a membrane initially

5  positioned substantially inside the tube, the method comprising:
inserting the tube into the tract of the animal; and

extending the membrane from an opening in the tube and into the tract,
thereby creating the pathway in the tract, and wherein the membrane is
extended in the tract without sliding action between the membrane and the

10 tract.

2. The method of claim 1 wherein the extension of the membrane

is caused by pressure.

3. The method of claim 1 wherein the tract is the cervical tract of

the animal.
15 4, The method of claim 3 .wherein the animal is a sow.

5. The method of claim 1 wherein the tube has a tapered nozzle

located at the opening of the tube.
6. The method of claim 1 wherein the membrane is tapered.

7. The method of claim 3 further comprising depositing genetic

20 material into the animal.

8. A catheter useful for creating a pathway in a tract of an animal,

the catheter comprising:
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extendi ng the nenbrane from an opening of the catheter and into the 20
tract, thereby creating the pathway in the tract, and wherein the nenbrane
is exterwod3iosusBhe tract without sliding action between wPog/usesrwane and
the tract. 16. The nethod of claim 15 wherein the extension of the
menbrane i s caused by pressure. 22 WO 03/ 084584 PCT/ US03/01927 17. The
nmet hod of claim 15 wherein the tract is the cervical tract of the aninal.
18. The method of claim 17 wherein the animal is a sow 19. The nethod of

claim15 wherein the catheter includes. zzl | ocat.ed at the openin

of the catheter. 2BPePARIFRERIOPTRSHE i“%‘uoggeéﬂ‘gloég}‘?malh@fﬁr ane isIo ’
tapered. 21. The nethod of claim 17 further conprising depositing genetic
material into the,aRiiBedne iﬁi:ﬁall? saliRiiansigs tlewhbd, @fe MEMBlah@g @ pathway in a
tract of an animal, 10 the ca ﬁeter conprising: a nenbrane initially

posi tioned sedndigareditalekignd fromdan eneaingdn s @whe andinto thettsetddd configured to
extend fromanp o ing _of the catheter i Dt C wherein the
menbr ane ext\gﬁggﬁ\?\tﬁ? ﬁﬁ% S ea(it‘?@s Xéhogtnﬁ@&%%éﬁn%%ee% Ibgﬁgﬁg%d t he
tract. 15 23andhReteat heter of claim 22 wherein the extension of the

9. The catheter of claim 8 wherein the extension of the membrane

is caused by pressure.

10. The catheter of claim 8 wherein the tract is the cervical tract of

the animal.
10 11. The catheter of claim 10 wherein the animal is a sow.

12.  The catheter of claim 8 wherein the tube has a tapered nozzle

located at the opening of the tube.
13. The catheter of claim 8 wherein the membrane is tapered.

14.  The catheter of claim 10 wherein the membrane is configured

15 to deposit genetic material into the animal.

15. A method of creating a pathway in a tract of an animal, useful
in association with a catheter having a membrane initially positioned

substantially inside the catheter, the method comprising:

extending the membrane from an opening of the catheter and into the
20  tract, thereby creating the pathway in the tract, and wherein the membrane is
extended in the tract without sliding action between the membrane and the

tract.

16. The method of claim 15 wherein the extension of the

membrane is caused by pressure.
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menbrane i s caused by pressure. 24. The catheter of claim 22 wherein the
tract is the cervical tract of the animal. 25. The catheter of claim24
wherein twooatns4sed is a sow. 20 26. The cat heter of clai mpea/usas/oteer
conprising a nozzle |located at the opening of the catheter. 27. The
catheter of claim 22 wherein the nenbrane is tapered. 23 WD 03/084584
PCT/ US03/ 01927 28. The catheter of claim 24 wherein the nenbrane is
configured to deposit genetic material into the animal. 29. A nmenbrane
useful in association with a catheter_configured to creatq a hway in a
tract of an animdl7; tHeheraethedokclaignt? yhewst the taet 18 thefieryich MC'S si ti oned
subst anti al It%{eil"islliage the catheter, the nenbrane configured to extend from
an opening of ‘'the Catheter and into the tract, and wherein the nenbrane is
configured to extend without sliding action between the nenbrane and the
tract. 30. The melgbr arBheahethbdbfel2ion Whevheren thhenisxalenssaon of the 10
menbrane i s caused by pressure. 31. The nenbrane of claim 29 wherein the

tract is the cervical _trac f .t.he imal . 32. Th r claim31
wherein the ani mal? i s g‘eﬁﬁﬁ‘oggfdﬂ%?ﬂgﬁﬁﬁ{h 681%1&;8% |{Hr%n gh 8‘?%1? n the
menbranes i s {haR&! 89he opening of the catheter.

20.  The method of claim 15 wherein the membrane is tapered.

21.  The method of claim 17 further comprising depositing genetic

material into the animal.

22, A catheter useful for creating a pathway in a tract of an animal,

10  the catheter comprising:

a membrane initially positioned substantially inside the catheter, the
membrane configured to extend from an opening of the catheter and into the
tract, and wherein the membrane extends without sliding action between the

membrane and the tract.

15 23. The catheter of claim 22 wherein the extension of the

membrane is caused by pressure.

24, The catheter of claim 22 wherein the tract is the cervical tract

of the animal.
25.  The catheter of claim 24 wherein the animal is a sow.

20 26. The catheter of claim 22 further comprising a nozzle located at

the opening of the catheter.

27. The catheter of claim 22 wherein the membrane is tapered.
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15 34. The nenbrane of claim 31 wherein the nmenbrane is configured to
deposit genetic material into the animal. 35. A menbrane useful in

associ at iwo 004588 cat heter configured to create a pathwagTiusozomeact of
an animal, the nmenbrane configured to be initially positioned
substantially inside the catheter, the nenbrane configured 20 to extend
froman opening of the catheter and into the tract, and wherein the
menbrane is configured to extend by unfolding in an inside-out manner. 36.

The nenbrane of claim35 wherein the extension occurs .without .slidin
action between th%g-nenﬁhﬁ??éh%?wfté?émt%a‘@?e?e%‘%e ﬁqﬁ@%@ﬁﬁ?% 1ggted | i m 35

wherein the ' ohaleial § [ [

1 RRAne i s caused by pressure. 24 WO
03/ 084584 PC@?%@@I%%% a@e&a ﬁoe menbrane of claim35 wherein the tract is
the cervical tract of the animal. 39. The nmenbrane of claim 38 wherein the
animal is a sow. 29. TAenemhbnensefelfinesseriation wiharwihetaricenfigned ihe is

tapered. 5 41. The_nenhrane of_.cl ai.m.38 wherej eis

confi gured tgeﬂféﬁd’é‘f}fwaé’éﬁé’tr]ffaf?%%wrﬂl’ t%er?ﬁﬂgg%%&wéﬁﬂ}%%A met hod of
creatingsa palifmB¥pdsitioded Eiftanhllyinsids terdathotd ety menibramssmdigatddon wi th a
catheter having a tube coupled to a nenbrane initially ositjoned

subst ant i al | o éxteiddeor aa opemiag of the chielshandiBHmine 412l 20d WHPREENE| ng t he t ube
into the tr a?rfem%];arfer}se cc?nrﬁgnu%d toMHhnd without sliding action between the

membrane and the tract.

30. The membrane of claim 29 wherein the extension of the

10  membrane is caused by pressure.

31. The membrane of claim 29 wherein the tract is the cervical

tract of the animal.

32. The membrane of claim 31 wherein the animal is a sow.
33. The membrane of claim 29 wherein the membrane is tapered.
15 34. The membrane of claim 31 wherein the membrane is

configured to deposit genetic material into the animal.

35. A membrane useful in association with a catheter configured to
create a pathway in a tract of an animal, the membrane configured to be
initially positioned substantially inside the catheter, the membrane configured

20  to extend from an opening of the catheter and into the tract, and wherein the

membrane is configured to extend by unfolding in an inside-out manner.

36. The membrane of claim 35 wherein the extension occurs

without sliding action between the membrane and the tract.

37. The membrane of claim 35 wherein the extension of the

25  membrane is caused by pressure.
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extendi ng the nenbrane froman opening in the tube and into the tract,
thereby creating the pathway in the tract, and wherein the nenbrane is

ext ended wo oBlogts84 act wi t hout sliding action between the mwerhrsanes2and t he
tract, and wherein the nmenbrane is configured to herniate when t he nmenbrane
15 encounters an obstruction in the tract, thereby clearing the obstruction
and enabling the nenbrane to continue to extend. 43. The nethod of claim
42 ﬁhgre}n fhe extension of the nenbrane is caused by pressure. 44. The
met hod of claim42 wherein the tr s the ceryical .tract of . 20 the
animal . 45. The md¥hod L FHHHQF o gl WheTFD i A 116 5 00, 46, The

met hod of cl gl #gheMigkgi n the tube has a nozzle located at the opening of
t he tube. 25 WO 03/084584 PCT/ US03/01927 47. The nethod of claim 42
wherein the nenbrane wall thickness is tapered. 48. The nethod of claim44
further conprisi ng9depddicmangpraraefidlaim Heavhereia the atigal B 9N -nal . 5 49. A
cat heter useful for creating a pathway in a tract of an animal, the

cat heter conpri si ng: aﬂg@l?etnlgbgﬁ%%@ﬁgowﬂﬁefnqﬁg ﬁ?’ﬁmtigt bggtract of the

animal ; and a nenbrane’ i n i'oned | nsi e tube, the nenbrane

5 41. The membrane of claim 38 wherein the membrane is

configured to deposit genetic material into the animal.

42. A method of creating a pathway in a tract of an animal, useful
in association with a catheter having a tube coupled to a membrane initially

positioned substantially inside the tube, the method comprising:
10 inserting the tube into the tract of the animal; and

extending the membrane from an opening in the tube and into the tract,
thereby creating the pathway in the tract, and wherein the membrane is
extended in the tract without sliding action between the membrane and the
tract, and wherein the membrane is configured to herniate when the membrane
15 encounters an obstruction in the tract, thereby clearing the obstruction and

enabling the membrane to continue to extend.

43, The method of claim 42 wherein the extension of the

membrane is caused by pressure.

44, The method of claim 42 wherein the tract is the cervical tract of

20 the animal.
45, The method of claim 44 wherein the animal is a sow.

46. The method of claim 42 wherein the tube has a nozzle located
at the opening of the tube.
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configured to extend froman opening in the tube and into the tract,
wherein 10 the nenbrane extends w thout sliding action between the nenbrane
and the wpasws4sand wherein the nenbrane wal |l thickness i Crapses/ed2anay
fromthe tube opening. 50. The catheter of claim49 wherein the nenbrane
has an open tip. 15 51. The catheter of claim49 wherein the nmenbrane has
a closed tip. 52. The catheter of claim49 wherein the extension of the
menbrane i s caused by pressure. 53. The catheter of claim49 wherein the

tract is the cervical act 0 of .th ninal. 54. .The ¢ eter of claimb53
wherein the ani mafﬁi s Ezrrh%%.th‘éﬁno.f ’Q‘@a‘fa'lﬁeéf’lé‘rth%?le&béarnﬁwfgf\%hci@cpféslsn t he tube
has a nozzl e;dgcated at the opening of the tube. 26 WO 03/ 084584

PCT/ US03/ 01927 “ 56. The cat heter of claim49 wherein the nozzle has a

positioning ring configured to mate with a correspondi ng positioning ring
on the tube. 57.48he dhemesthad efficldmadiughengosrmisig drposERBEATEC] s

configured Fm%te%% Pml)t[h geneli c materi al into the animal. 5 27

5 49. A catheter useful for creating a pathway in a tract of an animal,

the catheter comprising:
a tube configured to be inserted into the tract of the animal; and

a membrane initially positioned inside the tube, the membrane
configured to extend from an opening in the tube and into the tract, wherein
10  the membrane extends without sliding action between the membrane and the
tract, and wherein the membrane wall thickness is tapered away from the tube

opening.

50. The catheter of claim 49 wherein the membrane has an open

tip.

15 51. The catheter of claim 49 wherein the membrane has a closed

tip.

52. The catheter of claim 49 wherein the extension of the

membrane is caused by pressure.

53. The catheter of claim 49 wherein the tract is the cervical tract

20 of the animal.
54. The catheter of claim 53 wherein the animal is a sow.

55. The catheter of claim 49 wherein the tube has a nozzle located

at the opening of the tube.
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56.  The catheter of claim 49 wherein the nozzle has a positioning

ring configured to mate with a corresponding positioning ring on the tube.

57.  The catheter of claim 53 wherein the membrane is configured

to deposit genetic material into the animal.
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