Office de la Propriete Canadian CA 2734680 A1 2010/02/25

Intellectuelle Intellectual Property
du Canada Office (21) 2 734 680
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2009/08/21 (51) CLInt./Int.Cl. A67F 2/84 (2006.01)

(87) Date publication PCT/PCT Publication Date: 2010/02/25 | (71) Demandeur/Applicant: ‘
(85) Entrée phase nationale/National Entry: 2011/02/17 ANGIOMED GMBR CO. MEDIZINTECHNIK KG, D
(86) N° demande PCT/PCT Application No.: EP 2009/060827 | (72 Inventeur/nventor:

DORN, JUERGEN, D
(87) N° publication PCT/PCT Publication No.: 2010/020688
o o (74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.
(30) Priorites/Priorities: 2008/08/21 (US61/090,772);

2008/08/21 (GB0815339.7)

(54) Titre : PROCEDE DE CHARGEMENT D'UN STENT DANS UNE GAINE
(54) Title: METHOD OF LOADING A STENT INTO A SHEATH

32 36

17 7

| )
26 Z2 lm fE] %

(57) Abregé/Abstract:

A method is described of loading a self-expanding stent (10) into a delivery sheath (12) that Iis part of a catheter for transluminal
delivery of the stent to a stenting location in the body of a patient, with the stent being deployed at that location by removal from the
stent of the constraint on its radial expansion that is provided up to that point by the sheath. The method involves radially
compressing the stent; providing a loading sheath (14); translating the stent relative to the sheath, whereby the stent Is
accommodated within the lumen of the loading sheath; providing a delivery sheath; advancing the loading sheath, containing the
stent, into the lumen of the delivery sheath; and deploying the stent into the lumen of the delivery sheath.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




WO 2010/020688 A 1 |[HIL 11 /N1 ROV 1K AROL R 0 R

CA 02734680 2011-02-17

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
25 February 2010 (25.02.2010)

(10) International Publication Number

WO 2010/020688 A1l

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(75)

(74)

International Patent Classification:

AG61F 2/84 (2006.01)

International Application Number:
PCT/EP2009/060827

International Filing Date:
21 August 2009 (21.08.2009)

Filing Language: English
Publication Language: English
Priority Data:

0815339.7 21 August 2008 (21.08.2008) GB
61/090,772 21 August 2008 (21.08.2008) US

Applicant (for all designated States except US). AN-
GIOMED GMBH & CO. MEDIZINTECHNIK KG
|DE/DE]; Wachhaussstrasse 6, 76227 Karlsruhe (DE).

Inventor; and

Inventor/Applicant (for US only): DORN, Jiirgen [DE/
DE]; Kiistriner Weg 2, 68809 Neulussheim (DE).

Agents: WIEDEMANN, Peter et al.; HOFFMANN - EI-
TLE, Arabellastrasse 4, 81925 Miinchen (DE).

(81) Designated States (unless otherwise indicated, for every

(84)

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(54) Title: METHOD OF LOADING A STENT INTO A SHEATH

37

with international search report (Art. 21(3))

(57) Abstract: A method is described of loading a selt-expanding stent (10) into a delivery sheath (12) that is part of a catheter for
transluminal delivery of the stent to a stenting location 1n the body of a patient, with the stent being deployed at that location by
removal from the stent of the constraint on 1ts radial expansion that 1s provided up to that point by the sheath. The method in-
volves radially compressing the stent; providing a loading sheath (14); translating the stent relative to the sheath, whereby the
stent 1s accommodated within the lumen of the loading sheath; providing a delivery sheath; advancing the loading sheath, contain -
ing the stent, into the lumen of the delivery sheath; and deploying the stent into the lumen of the delivery sheath.




CA 02734680 2011-02-17
WO 2010/020688 PCT/EP2009/060827

Method of loading a stent into a sheath

'y ]

fgeld of the 1nvention

il

1}

This i1nvention relates toe a method of leoading a sell-

expanding stent into a delivery sheath that 1s part of a

catheter for transluminal delivery of the stent to a stenting

P

location in the body of a patient, with tThe stent being

P

deploved at that locaticon by removal from the stent of the

constraint on its radial expansicn that 1s provided up tO

that point by the sheath.

Stent designers are succeeding 1n creatlng ever more

sophisticated stents and stent grafts, for location 1In ever

more sites in the body. There 1s conseqgquently pressure on

designers of stent delivery systems to come up wlth designs

‘J.F-l

Toxr catheters that will reach SvVer MOX e demanding

requirements to convey such stents to the desired locations

in the body.

b

The usual way to express a stent diameter 1s in units o

lam

“French”. One French is one third of a millimetre. Thus, a

F

stent delivery sgsystem with a passing diameter of Vo French”

-
—

has an outside diameter of Zmm. For a manufacturer of stents

and stent delivery systems, a reduction of diameter Ifrom,

say, 6 French to 5 French 1s a powerful technical advantage,

r“-

and a great challenge for designers of stents and stent

ey

gellivery systems. Measures that are capable of delivering

even the tiniest reduction of the passing dliameter of a stent

delivery catheter might still be of considerable interest o

such designers, provided the catheter is still as flexible,

pushable and capable o©f reliable c¢perations as a fatter

catheter,
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Background Art

Catheter delivery systems are commonly used to introduce

self-expanding endoprostheses 1n human or animal bodies and

to advance them to the cloggea or narrowed area. In the
delivery system, tThe elongate endoprosthesis 1s held in a

radially compressed state by a surrocunding sheath o

facilitate a smooth delivery. When the endcoprosthesis has
been placed 1n the destined area, 1t 1s expanded Dby

withdrawling or opening up the sheath.

A  catheter delivery system where the endoprosthesis 1s
expanded by cutting open the sheath 18 disclosed in FR
2688688, In this system, three cutting wires are arranged

b

eguldistantly around the periphery of the endoprosthesis.

.

Each wilire runs from a proximal end of the catheter fto a

cdistal end, with the wire placed between the radialily
compressed endoprosthesis and the sheath 1n the region where
the encceprosthesis 1s recelived, leaves the sheath at 1ts
distal end and runs back to the proximal catheter end along

the cutside of the sheath, so as to form a locp around the

sheath wall. Both parts of the wires, 1n- and outside the
sheath, are gulded parailel to one another and the overall

six preximal wire ends are attached to a handle at the

proximal end of the catheter. The sheath 1s opened by pulling

the handle so that the distal ends of the three wire loops

move proximally and cut through the wall of the sheath.

A catheter dellvery system that uses only one cutting wire 1s

disclogsed in WO~A-~01/085%9., The wire consists of an inner
pull element, running within the sheath, an ocuter pull

element, running c¢utside the sheath, and a separating

element, located between the distal ends of the two pull
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elements at the distal end of the sheath. In order to expand

the endoprosthesis, both pull elements are gsimultanecusly
pulled 1n a proximal directicn, so that the separating
element moves along the endoprosthesis towards the proximal

catheter end and cuts through the sheath wall. Alsoc belonging

to the state of the art is W0O2004/0¢6809, which suggests the
use of a deployment line that is integral with a pull back

sheath, o release an endoluminal device from inside the

sheath.

—p—r

In known c¢atheter delivery systems that use & cuttling

mechanism to open up the sheath, the cut open sheath 1s

F
P

trapped between the expanded endcprosthesis and the wall o

1aaal

the vessel, once the expansion process 1s finished. To remove

the sheath from the patient’s body, it has to be pulled out

from 1ts proximal end. For the case of relatively large
endoprostheses, such as oesophagus stents, where sheaths with
thick walls <can be used, this ©procedure 1s normally

uncomplicated. However, problems arise when small-sized

endoprostheses are reguired, for example to widen narrow

T

blood wvessels. In this casge, the profile of the distal

catheter end, comprlising the endoprosthesis to be deployed,

has to be strongly reduced, 1n order to faciiitate accurate

Ay

placement of the endoprosthesis and thus sheaths with thin

walls have to be used. When such a thin-walled, cut open

sheath 1g removed from the patient’s body by pulling from 1its

nroximal end, the friction generated by the abliluminal surface

—

of the expanded endoprosthesis and the luminal surface of the

ma

vessel may cause either the sheath to tear, inhiblting its
complete removal, o¢r the endoprosthesis to meve proximally

with the sheath being pulled away from tThe axial position 1in

the bodilily Iumen where 1t ocught to be. Similar friction

problems may arise even 1n tracitioconal deployment methods,

where an unsiitted sheath 1S withdrawn from the
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endoprosthesis i1in the expansion process. When pulled from the

proximal end, a thlin-wailed sheath may stretch along the

g~ P sl

direction o¢f the pull, leading to a decrease of its radial

diameter. This 1ncreases the ILriction caused between sheath

and endoprosthesis, reguilring a larger pulling force to move

the sheath, similar to the known concept of the “Chinese

finger trap”. Eventually, the sheath may tear or the

endoprosthesis may move away from the desired position.

prwd
vy

While one way to release a stent from tThe constraint of a

r.l.l_

sheath i1s to run a siitter down the length of the sheath that

surrounds the stent (see, for example, WC 01/08599, WO

93/17636 and WO 98/20812), a far more commonly used method is
to puil tThe sheath preximally, relative to the stent, to

release the stent progressively, starting at 1ts distal end.

See, for example, US-A-5833694 Poncet. However, pulling on

the sheath from i1ts proximal end will impose tensile stresses

The

F [k

on  the sheath material, in the lengtnh direction o

sheath. The sheath must therefcre be physically strong

enough, not only to resist the radially outward spring force

that i1s comling from the self-expanding stent constrained
within the sheath, but also the stresses to which the sheath
18 subject during the time that it 1s being pulled

proximally, to release the stent. A Tforce that tends to

stretch a tupe will also tend to reduce The diameter of that

tube. A sinmple example 1s the toy called the “Chinese

finger” that 1s 1in the form of a braided tube. The child

slips it over his finger and then pulls the free end of the

cube, cauglng the braiding to neck down, and grip tightly the

Tinger within the lumen of the braided tube. Intultively,

one can appreclate that pulling on a sheath from the proximal

end, when there is a self-expanding stent inside the lumen of

N

the sheath, 1s a situation fraught with the possibillity of
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unwanted additional, friction-generated lcads that might be

'—.

an impedlment to smooth release of the stent.

Cne can appreciate that the wall thickness of the sheath

'_-

makes a contribution to the totality of the passing profile

'-.

cf the stent delivery system, at least at the distal end of

the catheter delivery svystem, in the “capsule” that contains

the stent to be delivered by that system, for any such

h

capsule 1s liable to be that portion of the length of the
catheter that exhibits the greatest passing diameter. It is
normal ly possible to devise a catheter delivery system in

.
——

which the length of the catheter, the shaft, between the

proximal end of the catheter held in the hand of the

cperator, and the distal end tThat exhibits the capsule

rll_

containing tThe stent, will be o¢f smaller passing diameter.

Thus, designers are interested to reduce the wall thickness

of the sheath surrcunding the self~expanding stent, to the

eyl
ary

extent that 1s possible, consistent with safe operation of

the svystem. [t 1s of course intolerable for the sheath

component to fail during depliloyment of the stent. The sheath

component must be robust enough to withstand less  than

FH

optimal handling of the stent delivery system, by medical

,‘L

practitioners, durilng placement of the stent.

’.IA_

It 1s an object of the present invention to advance stent

dellivery system design to achieve a smaller passing profile,

consistent ith simplicity of design and reliability of

cperation.

1}

summary of the invention

’.l_

In accordance with one aspect ¢f the present invention there

e

15 provided a method of loading a self-expanding stent into a

dellvery sheath configured to retain the stent in a radially
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compressed pre-deployment configuration, comprising the steps

O3

1) radially compressing the stent from a relaxed outside
dliameter d0 to a compressed outside diameter dli;

i1) providing a loading sheath with an inner diameter dZ,
where d0 > dZ > dl;

i1i1) translating the stent relative to the sheath, whereby

ey

the stent 1s accommodated within the lumen of the loading

sheath;

iv) providing a delivery sheath with an inner diameter d3,

where d0 > d3 > aZ;

V) advancing the lcading sheath, containing the stent, into

Ty

the lumen of the delivery sheath; and

vi) deploying the stent into the lumen o0f the dellvery

sheath.

F

In accordance with another aspect of the present i1nvention,

there is provided apparatus for installing a self-expanding

stent in a sheath of a stent delivery catheter, the apparatus

comprising a loading sheath with a lumen for containing the

self-expanding stent, the apparatus deploying the stent 1nto

the delivery sheath by advancing 1nto the lumen o¢f the

delivery sheath the loading sheath containing the stent, and

’n.l

then withdrawing from the lumen o¢f the delivery sheath the

ltoading sheath but not the stent.

According to a further aspect ¢f the present invention there

1s provided a self-expanding stent (cr stent graft)} within

-

the lumen of a delivery sheath of a stent dellvery system,

o

the delivery sheath being formed of polymeric material that

has been cold drawn with the stent in siftu, wlithin the lumen

.-.l

of the sheath.
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In a preferred embodiment of the method of the invention, the

' el ~

step of depleving the stent into the lumen of the delivery

e oo
—  —4Tr

fected by withdrawing the loading sheath while

sheath 1s &

restraining the stent from relative axilal movement out of the

-

lumen of the delivery sheath.

In a preferred embodiment of the methoed of the invention, the

delivery sheath is subject to a lengthwlise strain, atter the

stent has been 1nstalled 1in the lumen of the sheath, to draw

g —

down the inner diameter of the dellvery sheath to a diameter

d4, which 1s less than diameter d3. The dilameter d4 may be

freely chosen, and may for example be less than d2, di or

'-.l.

potentially even d0, depending on the degree of compression

which is reguired to be achileved. In general, a balance is

iy

selected between minimising the diameter of the sheathed

stent and permitting the stent tTo be easlly deployed in the
pody.

In one preferred embodiment, the delivery sheath i1s one which

can pbe parted along a line extending axially the full length

-t iy

of the stent, to allow the stent to push the material of the

lengitudinally parted sheath of the way, during the radial

expansion of the stent that occurs as the stent deploys into

.m
sese

a bodily lumen. Conveniently, the sheath is made o:

polyethyvleneterephthalate (PET) and typically has a wall

thickness of the order of Z0pm, presently preferably 30um

'.J.
.

prior to any drawing down of the diameter after placement of

the stent in The lumen of the sheath,.

It may be useful to design into the sheath a specific zone

i
p—

for initiation of the cold drawing strain, so that such

strain spreads outwardliy, progressively, along the length of

the sheath, from the strain initilation zone, upon 1mposlition

on the sheath of the longltudinal stress needed to 1nitiate
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Lhe strain. Generally, 1T will be convenient to locate any

such strain inltiaticn zone somewhere between the opposite

by -
-

ends of the stent, such as midway along the length of the

‘.l.h

stent. The ftorm of any such strailn initiation zone could be

%

a portion of the sheath that exhibits a reduced wall

thickness.

Medlcal practiticners are seeking ever longer and more

flexible stents. suchh  stents are correspondingly more

problematic to handle, in such a way that no portion of the

stent matrix 15 ever subject to a level of stress that

prejudices the fatigue performance of the stent. Whereas

short and rocbust stents tolerate being pushed from one end,

long and flexible dellcate stent designs are vulnerable to

over-stressing, 1f not supported along their full length

" aaad
—

during lcading into a sheath and during deployment out of

that sheath. One way to provide support for a stent graft

aitong the tull length of the lumen of that graft can be found

in the disclosure of Applicant’s WO 2004/09%6091. Thus, for

lcading a stent or stent graft into the loading sheath of the

present 1nvention, 1t will generally be desirable to employ a

'“
e

tool that extends along the lumen of the stent and supports

the stent matrix from within that lumen. Once the stent has

been installed 1in the delivery sheath, designers have the

F

cption ¢f leaving the tool in place, within the lumen o¢f the

T

stent, for making a contribution to the construction and

operation of the delivery system for the stent or, in the

alternative, removing the tool from the lumen of the stent,

once the stent has been 1nstalled 1n the delivery sheath, and

using for stent support during deployment of the stent some

L

other component within the construction of the delivery

g e

system. Thus, an optional feature of the method of the

present i1nvention 1s the step of introducing into the lumen

e Caal F

of the stent, as part of the process of installing the stent
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-Wiffﬁﬂﬂémdélivery sheath, a component o¢f the delivery system
that will deliver the stent to the stenting site within the

body.

As for strategies for releaslng the stent from the sheath,

when the stent is deploved 1in the body at a stenting site, a

number of techniques are descriped 1n an enabling manner

nhereinbe]l ow.

As to the drawing down step, 1t 1s to be remembered that the

iy

sheath 1s of remarkably small wall Thickness and so amenable

to being cold-drawn in a simple manual operation in which the

sheath 18 gripped in the hands of a skilled person. The left

and right hands can simply be pulled apart from each other,

T

simply to stretch the sheath in the portion of its length

surrounding the stent. However, such procedures are not

1deally suited to meet rigeorous gquality control procedures.

It is therefore envisaged that tThe manuallyv-achieved cold

drawing step will, 1n real production, be replaced by a

rigorously speciflied mechanical step so that the stretching

process is performed always 1n the same way, for every

dellvery system produced. One envisages machlne componhents

that constitute first and second sheath grippers, one at each

yans

end of the sheath, bevond the respective end of the stent

within the sheath, such grippers likely gripping the sheath

|

all around the circumference o¢f the sheath, probably with a

high enough friction Jgrip to hold the sheath ends securely,

possibly with grip surfaces of sllicone rubber material, with

the first and second sheath grippers moving avart from each

other 1n a contreolied fashion, with sensors to provide

control engineering feedback so that the sheath 1s alwavs

cold—-drawn 1n the same manner.
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Sheath delivery systems with a distal end capsule having an

r.-l-

outside diameter of 6 French, or even less, are well within

e

the contemplation of the Iinventors of the present invention.

paty
by

For manufacturing efflciency, a single size of loading

sheath, for example diameter 8 French, can be used for

P e

loading a wvariety of sizes of stent, from e.qg. a deploved

diameter of 4mm to 10mm.

eyl by

Brief description of the drawings

FN

For a better understanding of the present invention, and to

-
r—

show more clearly how the same may be carried into effect,

'“_

reference will now be made, by way of example, to the

accompanying drawlngs, in which:

Fig. 1 1s a longitudinal axial section through a device

for loading a stent intc a delivery sheath;

P

Flg. 2 shows the device of Fig. 1, but with the stent

partially icaded 1in the sheath;

Fig. 3 1s a flow diagram of method steps for installing

a stent o©or stent graft within a sheath, in accordance

wlth the present invention;

Fig. 1A shows an axlal cross section of a stent delivery

agystem in an initial position;

Fig. 2A shows an axial cross section of a stent delivery

system 1n a first intermediate position, where the

sheath cutting process has started; and
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Fig. 3A shows an axlal cross section of a stent delivery

system in a sgecond 1ntermedlate position, where the

sheath removal process has started.

Fig. 4A is a diametric longitudinal section through

i

the distal end of a stent delivery system

Fig. bA is a section that 1s the same as Fig. 4A, but

shows only the sheath and elcongate pull element of Fig.

47, for improved clarity;

Fig. ©A 1s a view from tThe side, of the distal end of

e

the sheath and pull eilement of Fig. 5A; and

Fig. 7A 1s a section corresponding te that of Fig. 44,
but showling the system part way through the process of

atent release,

Detalled description

Fig. 1 shows a crimped covered stent 10 ready for deploying

from a loading sheath into a dellvery sheath 1Z, by advancing

the stent 10, in a loading tool 14 intc the lumen 1& of the

sheatn 12, in the dilrection of arrow F.

The loading sheath 1s similar to a conventional stent

It

r

deployment sheath, sized to be at least the length of the

stent together with a further approximate 2Z0% 1n length to

provide & tTolerant landing zone for the stent. It 1s

conventionally of a braided polymer catheter material, as 1s

P

generally known 1n the art of stent dellvery systems.

The stent 10 1s a radially self-expanding nickel titanium

I-l-lll

alloy stent covered in an ePTFE fi1lm. This covered stent 1is
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constrained by a loading sheath 18 in a radially compact
disposition. The stent 1s installed in the lcading sheath 18
by a “crimping” procedure known per se in which a Jig (not
shown) compresses the stent radially inwardly, down to its
compact disposition, whereupon the stent 10 and the loading
sheath 18 are moved relative to each other axially (usually

by holding the sheath 18 stationary and translating the stent
10 into the lumen of the sheath 18).

In the present embodiment, before the stent ig crimped, there

is inserted 1n 1ts lumen a shaft 24 carrving a seguence of

=

o T

rings standing prouc ¢f the cylindrical surface of the shaft,

cr a splral thread 22 running along the shaft. I'he covered

stent 1s crimped down onto the shaft, whereupon the shaft can

push the stent along its axis, supporting the stent all the

sy

way along the length of the stent, within its lumen.

In accordance with the present invention, the stent 10 is

then “deployed” 1into the lumen 16 of the delivery sheath 12.

For that depioyment, tThe confining sheath 18 is pulled

proximally by a pulling tube 26 contiguous with the proximal
end 28 of the loading sheath 18.

buring this »ulling, one restrains the shaft 24 from axial

movement, which prevents the stent from moving axially with
the retreatlng loading sheath 18, s0 that the sheath remains
»n the desired locatlon, inside the delivery sheath 12.

P

The delivery sheath 12 is of rather thin-walled PET tubular

material. It 1s gripped at its proximal end 30 by an annular
gripper chuck 32 and gripped at its distal end 34 by a

similar annular gripping chuck 36, sc¢ that the two chucks 32

and 36 hold the opposite ends 30 and 34 of the delivery
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sheath 12 at a desired distance apart, while the stent is

deploved into the sheath lumen 16.

This deployment process can be seen, partially completed, 1in

'.l-l_
Bal

Fig. 2 of the drawings, where like reference numerals

identify the same components as are shown in Fig. 1. It will

be appreciated that the loading sheath 18 has moved

4

proximally, 1n the direction of arxow I, relatlve to the

stent and to the stent pusher annulus 27, thereby releasing

aTe

the stent 10 into the lumen 16 of the delivery sheath 12

progressively, starting at the distal end 40 of the stent,

through a radially expanding portion 42 of the sitent that

travels the full length of the stent, from the distal end 490

to the proximal end 44 of the stent, not vyet free of the

confining loading sheath 18 as sheown in Fig. 2. Orice the

e

full length of the stent 10 1s clear of the lcading sheath

18, the full radially outwardly directed stenting force from

the stent 10 is carried by the delivery sheath 12, and the

lumen 46 of the stent 1s big encugh for simple proximal

TR

withdrawal from that lumen of the tubular element 24 of The

ioading machine.

If it 1is needed to i1ncorporate splitter wires, shown as 18,

20 in Fig. 1A, into the delivery system, they may be placed

in the correct positions within the delivery sheath prior to

deployment o©f the stent from the lcading sheath 1nto the
delivery sheath. The stent may then be deployed agalnst the

splitter wires, tTo reach the desired configuration.

As explained above, the stent 10 is now radially confined

within the delivery sheath 12 and can be regarded as a

precursor for a “capsule” for placement at the distal end of

F-‘-

a catheter delivery system for the stent. If desired, the
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loading sheath c¢an be reused a number of times, for example

ten times, befcre 1t 1s replaced.

The process is presented in a block diagram, in drawing Fig.

3. However, Flig. 3 identlfies further steps o¢f the
manufacturing process, The sequence of steps 1in Fig. 3 1s
identified by references A to I and we have the following

comments on these process steps.

Step A 1s the step of providing the stent or stent graft of
choice. A bare stent 1s one without any covering. A stent
graft 1s a covered bare stent and the covering is typically

v

of expanded polytetrafluorcethylene (ePTFE) but  other

covering materlals are known to those skilled in the art.

r."

Step B 1s the step of installing 1n the lumen of the chosen

stent an inner catheter tTool and the one preferred by the
present Applicant 1s  that described 1in its earlier

publication WO 2004/0960%1 which goes by the acronym “ALFER”.

P sl

Step C i1s the step of crimping the stent tTo bring the ocutside

diameter ¢f the chosen stent down to one that is small enough
for loading the crimped stent intoc the chosen loading sheath

18. Next, step D, the crimped stent 1s translated axially

into the lumen of the loading sheath 186. Then, the loading
sheath carrying the stent 1s translated (as explained 1n
Figs. 1 and 2) 1intc the lumen 1% ¢f the delivery sheath 172
and the loading sheath 18 1s withdrawn 1n order to deploy the

stent 1into the delilvery sheath. As noted on Fig. 3, the

delivery sheath 12 is conveniently a PET tube having a length

'&

about three times that of the stent, with a pre-thinned zone

-

in the PET tube ilocated midway along the length of the stent

in the lumen of the PET tube.
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Once the stent 1s deployed, the inner catheter loading toocl

? S

can be removed, step F, from the lumen of the deploved stent.

At this point, step G, any desired component of the catheter

F
L

delivery system which is to be located in the lumen of the

stent can now bhe 1ntroduced into that lumen.

g

Of course, cother methods of deployving stents into the lumens

of e.g. body passages are known by those skilled in the art,

and may wilith appropriate modification be employed to deploy

the stent from tne loading sheath to the delivery sheath 1in

an equivalent manner.

Having prepareda the stent lumen, the delivery sheath can now

bhe cold-drawn ilengthwilise to impose substantial straln on
' o] r |8,

,m

the material c¢f the delivery sheath. This strain will have

the effect of reducing the wall thickness of the delivery

sheath, and generating hoop stresses within the delivery

sheath being cold-drawn, which hoop stresses will tend to

F

compress the stent 1inside the lumen of the delivery sheath,

and Therefore marginally reduce its diameter. The Fig. block

diagram carriles notes 1n relation to this step H of the

process. These notes teach to use a soft sticky material to

grip the delivery sheath for achieving the cold~drawing

strain. Such soft, sticky materials could be silicone rubber

~

or an adhesive composition, for example. That strain is

conveniently impcesed on the sheath stepwise, commencing at

F

the midpoint of the length of the sheath and repeating the

cold~drawing process, stepwise, untilil a final desired cutside

diameter profile is achileved for the sheathed stent. For

example, using two grippling chucks 32 and 36, the sheath is
firstly gripped at each end by the two chucks. The chucks are
drawn apart to create a weak zone at the middle of the
sheath. Then, the sheath 18 simultaneously gripped in the

middie by the first gripping chuck and at one end by the
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second gripping chuck, then the grippling chucks are slowly

drawn apart. The second gripping chuck 1s now moved to the

new middle of the drawn sheath, and the first gripping chuck
to the other end. The gripplng chucks are again drawn apart.
This process 1is repeated until a desired delivery sheath

diameter 1S reacheaq.

Thus, 1in the final step I o©of the process, the stent-bearing

capsuie 1s ready Ifor combinling with other components of the

-
vy

catheter system that 1s to deliver the stent to the site of

stenting 1n the body o¢f a patient. This 1s done 1n an

entirely conventional manner, for example heat-melting the

#

inner catheter 24 with a member of the same diameter in the

l'_'

proxXximalily proximate component of the delivery systen.

There now follows an enabling description as to twoe ways to

provide a splitting system for the sheath delivervy catheter

system described above.

ST

A first way tc provlidge a splilitting system for the sheath

delivery catheter svystem described above 1s described first.

The reference numerals hereinbelow refer to the Figures 1A Lo

3A. Fig. 1A shows an axial cross section of a catheter

delivery system 10 according in an initial position before

ST

expansion of the endoprosthesis. The delivery syvstem 10 has a

proximal end 11 and & distal end 13, comprising an elongate

regicn 16 where a vascular self-expansible stent 12 1is

received. The stent 12 is surrounded and helid in its radially

e

compressed state by a sheath 14 made of PET. Further, tThe

cdelivery system 10 comprises a first 18 and a second Z0 pull

I'-'
frer

clement That both consist of a metallic wire and run between

the stent 12 and the sheath 14 1n the region 16 where the

stent 12 1is recelved. In this region 16, the wires of both

pull elements 18, 20 are flattened along a clrcumferential
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F

dlrection of the stent 1£Z, so as to have a ribbon-like shape.

The first puil element 18 has a splitting secticon 22 at its

distal end that 1s formed by a wire portion standing up in a

H

radial direction of the delivery svyvstem 10 and a handle 30

attached to 1ts preximal end for pulling the pull element 18

in a direction towards the proximal end 11 of the delivery

system 10. The second pull element 20 has a hooked portion 24

rm.l

at 1ts distal end that 1s clamped onto the distal end of the

sheath 14, s8¢0 as t¢ provide a secure attachment. At 1its

distal end, the second pull element 20 1s attached to a

metallic ring 28 that 1s i1tself attached to the first pull
element 18 and serves as a coupling mechanism. The two pull

elements 1B, 20 are arrangec¢ opposite each other on the

circumnference of the stent 17 anda secured in this

configuration by the coupling mechanlsm 28. Close to the

coupling mechanism 28, The second pull element 20 has an

undulating portion 2Z26. For stent 16 deployment, the first
pull element 18 15 pulled towards the proximal end 11 of the

dgelivery system 10, using the handle 30. This causes the

splitting section 22 to move along the length of the stent 12

in the same direction, thereby splitting the sheath 14 along

1ts length as i1s shown in Filg. ZA. In the section 32 of the
cdlstal catheter region 16, where the sheath 14 has already
peen split, the stent 12 starts to expand radially.

Simultaneocusly the coupling mechanism 28 is moved towards the

proximal end 11 of the delivery system by the first pull

phaas
-

element 18, thereby puliing the distal end of the second pull

element 20 1n the same direction. Fig. ZA shows an axial

cross gection of the catheter delivery system 10 of Fig. 1A

1 a first 1intermedliate posliticn, where tThe second pull
element 20 has been fully straightened and the undulating
portion 26 has disappeared. However, the hooked portion 24 of
the second pull element 20 1s still in 1ts initial position.

Thus, the sheath 14 has been partially split and the stent 12
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has started expanding 1in the split region 32, but tThe sheath

14 removal process has not started vet. When the first pull

clement 18 1s pulled further towards the proximal delivery
system end 11, the hooked portion 24 starts pulling the
sheath 14 proximally from i1ts distal end as can be seen 1in

bl ] "o
Faa |
b

Pig. 3, showing the catheter delivery system 10 of Figs. 1

and 2 in a second intermediate position. Once the sheath 14

1s split along 1ts whole length, the stent 12 fully expands

into 1ts radially expanded state. Subsequently, the sheath 14

is completely removed from the reglon 16 where the stent 17

1s received, by further pulling the first pull element 1B.

Then the catheter dellivery system 10, 1ncluding the split

F e

sheath 14, can be taken out of the patient’s body.

This represents an example for a combination of the two

o "aad
=

aspects of the invention and 1llustrates the advantages of

such a configuraticn: sheath splitting and removal can be

performed reliably and guickly in one woerk step, simply by

pulling a single pull element 18; the danger o¢f damage to

body tissue due to moving elements 1s minlmised; entanglement

of different pull elements 1s avoided; and the distal end

'_-

profile of the catheter dellvery system 10 can be reduced,

allowing accurate placement and contrcolled deployment even of

very small endoprostheses.

There i1is now descriped a seceond way of providing a splitting

—in

system for the sheath delivery catheter system desclfibed

above, The reference numerals hereinbelow refer to  the

-
-

Figures 4A to 7TA, Referring first to drawlng Fig. 4A, a self-

e¥panding nickel~titanium shape memcry alloy stent 10 1s
confined within a sheath 12 in a catheter device 14 which
ceonstitutes a transluminal delivery system for the stent 10,

that has a tapered atraumatic distal tip 16. The catheter has

a shaft 18 that defines a bore 20 for a guidewire along which
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the catheter delivery system may be advanced until its distal

P

end zone carrving the zone 10 1s in the desired site of

stenting.

Carried on Tthe shaft 18 at its distal end zone 1s a distal

tip element 22 that receives an inwardly tapered end portion

.

24 of the sheath 12 surrounding the stent. At the proximal

'-.L

end of the stent 10 1s a pusher annulus 26 that 1s also &

-y

radlopaque marker and is fixed to the outside surface of the

catheter shaft element 18. When the time comes to deploy the

-1

self-~expanading stent 10, the hoop stresses in the sheath 12

surrounding the stent 10 have to be released, so that the
stent 10 c¢an expand radially into the stenting site within
the bodily lumen., Conventionally, this 1s accomplished by

simply pulling the sleeve 12 proximally until 1t slides over

the stent 10, withdrawing proximally relative to the stent,

to release the stent progressively, starting at its distal

I

end, 1nto the bodily lumen. However, with tThe present

F
p—

invention, the stent release mechanism 1s guite different, as

1}

will now De explalned with reference to Figs. 5A and 6A of

the drawings.

First loocking at Fig. 64, we see distal end 30 of the sheath

12, with a clrcumference that i1ncludes a short slit or “nick”

that wiil serve as a tearing inltiation polnt on the

o

clrcumference of the distal end 30. Extending proximally from

the tearing 1nitiation site 32 1s a line of weakness 34 that

~—~
hrr—

18 created by a line of elongate perforations 36, co-linear

-

and spaced from each other to provide a line of weakness

running all the way from the tearing initiaticon site 32 to

the proximal end annuilus o©of the sheath 12Z2. The residual

materlal 28 1n the gaps between the slits 36 1s sufficient to

maintain the hoop sitresses and iﬁt@grity of the sheath 17

until the moment when it 1s desired to releazse the stent by
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tearing down the line of weakness by rupturing the seguence

’.H_

of material bricdges 38 between adjacent slits 36.

To accomplish this task, there 1s emploved a pull element 40

which i1s shown 1n Fig. ©A extending distally away from the

1]

aend annulus 30 of the sheath 17 but wnich is In actual use of

the device folded 1nside the open end 42 of the sheath 12 so0

that 1t lies sandwiched between the stent 10 and the 1nszide

surface 44 o©of the sheath 12, running the full length of the

stent 10 and extending further, proximally, beyond the pusher

annuius Z6. Not wvisible in the drawings, but nevertheless

indicated by reference 46, 13 a coating of hvdrophilic

N ol

materlial on the major surfaces of the sheath 12. Not shown in

the drawings (but those skilled in the art will be able to

cgevelop the details for themselves) is the structure of the

a—y

catheter proximal of the pushing annulus 2Z26. The catheter

shaft might be of the “over the wire” wvariety or of the

i

“rapild exchange” wvariety, dependlng on the length of the

guidewlre lumen. There needs to be in the shaft a pushing
member (conveniently a  tube) to convey the endwilse
compressive stress to the pusher Z6. Further, there needs to
be a pull element {(convenlently a pull wire) to deliver to
the pull element 40 the necessary tensile stress to tear the

sheath, Convenzently, the connection between the pull wire

running the length o©f the catheter shaft, and the pull

element 40 that extends from proximal o©f the pusher annulus

Fan ]

20 To the distal end of the sheath 12, is an annular element

that slides on the shaft 18 and conveniently serves as a

S

radiopaque marker of the progress of the pulling element 40

as 1t progresses proximally release c©f the stent.

Alternatively, the pull element might extend proximally the

o

full length of the catheter. Proximal of the stent, it could

he Twirled 1into a strand with a helical trace on  i1its
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cylindrical suriface, that extends along a pull wire lumen in

the catheter shaft.

Turning now to Fig. 7A, we can observe the stent release

process with a “snapshot” of the process in progress, with a

cdistal portion 50 ¢©f the stent 10 already released from the

#T e
e

rect of the sheath 12, as the pull

radially confining e:
element 40 moves proximally relative to the stent 10 lying
radially 1nside it and the sheath 12 laving radially outside

Y

it. This proximal progress of the pull element 40 draws 1into

the annulus between the untorn sheath 172 and the stent 10 the

T

distal-most portion of the sheath 12, that has already been

parted aleng the line of weakness 34, thereby releasing hoop

I

stresses 1n the distal-most portion of the sheath 12 and

allowing it to relax distally outwardly, even as 1t finds

itself being pulled proximally 1nto the annulus between the

untorn sheath 12 and the stent 10. This distal-most portion

- a

cf the sheath 1s indicated by reference 52 in Fig. T7A. We can

already see in Flig. YA that the sheath no longer extends all

the way to the distal end of the stent 10, preciselv because

the proximal movement of the pull element 40 causes the

v

sheath Lo dcouble pback on itselif, radially inwardly. It should

bhe remembered that the inherent stiffness of the sheath is

remarkably low, because the PET materizl of which the sheath

18 formed has a high modulus of elasticity and high physical

strength so that 1ts wall thickness can be remarkably small.

—h

Cnce the hoop stresses in the distal-mest portion of the

sheath are relieved, this distal portion of the sheath is

remarkably compliant and amenable to the creasing and folding

that 1s going to occur when a full 360° circumference is

pulled proximally by a pull element 40 that extends around

only a portion of that circumference adiacent to the line of

L s

weakness where the sheath 1s progressively rupturing from its

dlstal end to 1ts proximal end.
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By the time the tearing of the sheath has progressed as far

A

as the proximal end of the stent, the entire length of the

stent wlil have expanded radially into positicn in the bodily

o

lumen to be stented, and any portion of the sheath 12 that

lies sandwiched between the stent and the bodily lumen will

,.n‘

be only at the zone of the stent clesest to 1ts proximal end

and wiil therefore DbDe relatively easily withdrawn from

petween the stent and the bodily lumen, as scon as the stent

cellvery system as a whole 1s pulied proximally away from the

deploved stent.

it will apparent, then, to readers skilled in this art that

the architecture o¢f the dilstal end of the stent delivery

system oiffers possipilities to get the passing diameter of

that distal end zone down to wvalues hitherto not cbhtained,

pecause the sheath c¢can be made of ultra-thin material.

~
T

Furthermore, 1t 1is possible to contemplate deployment of

extremely long stents, simply because the sheath 1s being

steadlly withdrawn proximally from 1ts location between the

expanding stent and the tissue of the bodily lumen, all the

while that the sheath is being progressively torn along the

line of weakness from 1its distal end to its proximal end,

leaving sandwiched between the stent and the bodily lumen,

when stent deplovment 1s complete, a much smaller amount of

sheath material than woulid be ftThe case with for example a

sheath slitting “cheegsewlire” as in EP~A-732087 or
WO 2001/008598 that slit the sheath but do not withdraw it

proximally during the stent deployvment period,

Other wvariations will be evident to those skilled 1in the art.

Specifically, the 1dea of providing a pull element between

A

two parallel lines of weakness, so that the arc of sheath

materlial Dbetween the two lines of weakness 1s pulled
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proximally by the pull element, but not the arc on the other

’II-I-

side of the diameter of the sheath, 1s an intermediate

example between the previously proposed “cheesewire” system

N

in which the full circumference of tThe sgsheath continues to

-

lie between the expanded stent and the wall of the bodily

T

lumern, and the “single line of weakness” example shown in the

present drawings, 1n which the full clrcumference o©of the

sheath 1is pulled proximally with the pull eilement 40.

Suppose, for example, that the pull element 40 1s a band that

Bt

extends around a substantial part of the clrcumference o the

sheath, for example, halfway arocund the circumference of the

o
s

sheath. In such a case, proximal withdrawal o¢f half the

F aasl

sheath material will leave for wilithdrawal after stent

= o

deplovment sheath material amounting to only half of the

circumference, instead ¢f the prior art full circumference.
This 1is worthwhilie progress, especially with lengthy devices

to be placed i1n the lumen.

Although the presently preferred material for the sheath 1s

.Y

PET, this does not exclude other materizsls. Materlals

selection 1s part of the routine duties of the person skilled
in the art when seeking to optimise stent delivery systems.

For the present inventors, as of now, the V“best mode”

involves using a sheath of PET, cold drawn (that 1s to say,

drawn at a temperature of 50°C or less) and with a wall

thickness after cold drawing f{(and with the stent or stent

'-_

graft inside the PET tube lumen) of 0.035 mm (oxr even less).

With the pull element serving to drag material of the sheath
into the annulus between the stent and the untorn sheath, it

wlll generally be beneficlal to provide the sheath material

with a hvydrophilic coatlng which will attract water molecules

to the coalting to serve as a Llubricant, even while the pull

element pulls the torn sheath proximally over the stent until

the stent is fully released. Advantageously, the distal tip

of the sheath 1s drawn down to an outside diameter that 1s

substantially smaller than the ocutside diameter of the sheath
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—

where 1t embraces the self-expanding device, 1n order that

the sheath shall 1tself define The outside of an atraumatic

tip section for the delivery system as such.

Readers will understand that the illustrated embodiments are

non—-limiting. Reagders have encugh background technical

knowledge toe modify the specific teachlings above so as to
conform to their own perceptions of good desgign and

conformilty wlth their OWI stent procducts or other

requirements o©of the market. Those skilled in the art will

pbuild on  their specialist  background knowledge  when

considering the above disclosures, factoring into their

T
=

conslderation of the present disclosure the specialist

knowledge that they have from their own experience 1n this

field. Quite evidently, engineers from other corporations

will have tTheir own design histery and preferred ways of
mplementing the teachings set out above. The c¢laims that
follow seek to define the present 1nventive concept and
should nect be seen as directed exciusively to the i1llustrated

embodiments, nor should theyv be seen as limited to mechanical

aguivalents of features shown 1n the iilustrated embodiments.
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PCT/EP2009/060827 136 894 r4/r28/kdu
Angiomed GmbH & Co. Medizintechnik KG

Claims

1. A method of loading a self-expanding stent into a
delivery sheath configured to retain the stent in a radially
compressed pre-deployment configuration, comprising the steps
of:
i) radially compressing the stent from a relaxed outside
diameter d0 to a compressed outside diameter dl;

11) providing a loading sheath with an inner diameter d2,
where d0 > d2 > dil;

1il) translating the stent relative to the sheath, whereby

the stent is accommodated within the lumen of the
loading sheath;

iv) providing a delivery sheath with an inner diameter d3,
where d0 > d3 > d2;

v) advancing the loading sheath, containing the stent,
into the lumen of the delivery sheath; and

vli) deploying the stent into the lumen of the delivery
sheath by withdrawing the loading sheath while restraining

the stent from relative axial movement out of the lumen of
the delivery sheath.

2. Method according to claim 1, further comprising the step
of, with the stent within the lumen of the delivery sheath,
imposing lengthwise strain on the sheath, to draw down the

inner diameter of the delivery sheath to a diameter d4 which
1s less than d3.

1 AMENDED SHEET 10/06/2010

CA 02734680 2011-02-17
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3. Method according to claim 1 or 2, in which the delivery
sheath is one which can be parted along a line extending
axially the full length of the stent, to allow the stent to
push the material of the longitudinally parted sheath out of
the way, during the radial expansion of the stent that OCCurs
as the stent deploys into a bodily lumen. |

4. . Method according to claim 1, 2 or 3, wherein the sheath
1s of PET.
5. Method according to any one of the preceding claims,

wherein the sheath prior to said strain has a wall thickness
of the order of 20pm.

6. Method according to any one of the preceding claims in
which the sheath exhibits a strain initiation zone from which

the strain spreads out, progressively along the length of the
sheath.

7. Method according to claim 6 including the step of
positibning the strain initiation zone between the opposing
ends of the stent.

8. Method according to claim 7, wherein the strain
lnitiation zone is located mid-way between the stent ends.

9. Method according to claim 6, 7 or 8, wherein the strain
initiation zone comprises a portion of the sheath that
exhibits a reduced wall thickness.

10. Method according to any one of the preceding claims, in
which a tool is used to advance the stent into the sheath,

which tool has a portion that extends along at least a part
©f the length of the lumen of the stent.

2 AMENDED SHEET 10/06/2010

CA 02734680 2011-02-17
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11. Method according to claim 10, in which said tool is
removed from the stent, before the step of drawing down the
sheath is completed.

12. Method according to any one of the preceding claims,
including a step of introducing into the lumen of the stent,
before the step of drawing down the sheath is completed, a
component of a catheter delivery system for said stent.

13. Method according to any one of the preceding claims,
including a step of providing within the lumen of the sheath,
prior o drawing down said sheath onto the stent, a splitter
that lies between the stent and the drawn down sheath, which
splitter is capable when actuated, of splitting the sheath to
permit the stent to deploy.

tool comprising first and second sheath grippers, one to grip
each opposite end of the sheath, beyond the respective end
the stent inside the sheath.

15. Method according to claim 14, wherein at least one of
the sheath grippers grips the sheath all around the
circumference of the sheath.

16. Method according to claim 15, in which at least one of
the grippers exhibits a high friction grip surface to contact
the sheath, which grip surface is of a silicone rubber
material.

17. Method according to any one of the preceding claims, in
which the sheath drawn down over the stent exhibits an
outside diameter of not more than 6 French (2mm) .

3 AMENDED SHEET 10/06/2010
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Fig. 1A
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