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(57) Abstract: There 1s disclosed heremn a method of loading a self-expanding stent (10) into a delivery sheath (12) that 1s by itself
strong enough to preserve the stent in a radially compressed pre-deployment configuration, comprising the steps of: (1) compress-
ing the stent (10) to a relatively small diameter; (11) providing a loading sheath (18) with an inner diameter dl; (111) with the stent
(10) exhibiting an outside diameter of d2, where d2 < dl, providing relative translational movement between the stent (10) and the
loading sheath (18), whereby the stent 1s accommodated within the lumen of the loading sheath (18); (iv) advancing the loading
sheath (18), containing the stent (10), into the lumen (16) of the delivery sheath (12); and {v} deploying the stent nto the lumen
(16) of the delivery sheath (12), by withdrawing the loading sheath (18) while restraining the stent (10) from axial movement out
of the lumen (16) of the delivery sheath (12).
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Method of Loading a Stent into a Sheath

Field of the invention

gu—
p—

This invention relates to a methed of icading a self-

it

expanding stent into a delivery sheath that is part of a

catheter for transiuminal delivery of the stent to a stenting

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

deploved at that locatlion by removal from the stent cf the
constraint on 1ts radial expansion that is provided up to
that point by tLhe gheath.

Stent designers are succeeding 1in creating ever more

sophisticated stents and stent grafts, for location in ever
more sites in tThe body. There 1g congeguently pressure on

designers of stent delivery systems, to come up with designs

for catheters that will reach ever more demanding

to the desgsired locations

-

reguirements to convey such stents
in the body.

The usual way to express a stent diameter 1s in units of
“French”. One French 1s one third of a millimetre. . Thus, a
stent delivery system with a pagsing diameter of “6 French”

—

has an outside diameter of 2mm. For a manufacturer of stents

and stent delivery gystems, a reduction of diameter from,

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

and a great challenge for designers of stents and stent

celivery gsystems. Measures that are capable ¢f delivering

evenr the tiniest reduction of the passing diameter of a stent

delivery catheter might stiil be of considerable interest to

guch designers, provided the catheter is gtill as flexible,

pugshable and capable of reliable operations as a fatter

catheter.
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The prior art

One way o release a stent from the constraint of a sheath is
to run a glitter down the length of the sheath that gurrounds
the stent. See, for example, WO 01/08599, WO 93/17636 and WO

98/20812. However, a far more commonly used method is to

pull the sheath proximally, relative to the stent, to release

the stent progressively, starting at 1its distal end. See,

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

~nslle gtresses on

sheath from its proximal end, will impose ¢

the sheath material, 1n the length direction of the sheath.

The sheath must therefore be physically strong enough, not

only to resist the radially outward spring force that is

coming from the self-expanding stent constrained within the

sheath, but also the stresses to which the sheath is subject

during the time that 1t 1s being pulled proximally, to

releagse the stent. A force that tends to streteh a tube will

also tend to reduce the diameter of that tube. A simple

example 1s the toy called the “Chinese finger” that is in the

g

form of a braided tube. The child slipe it over his finger

and then pulls the free end of the tube, causing the braiding
to neck down, and grip tigntly the finger within the lumen of
the braided tube. Intuitively, one can appreciate that

puliing on a sheath from the proximali end, when there is a

self-expanding stent i1nside the lumen of the sheath, is a

situation fraught with the pogsibility of unwanted

additional, friction-generated loads that might be an

impediment to gmooth release of the stent.

One can appreciate that the wall thickness of the sheath

makes a contripution to the totality of the passing profile
cf the stent delivery system, at least at the distal end of
th

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

= catheter delivery gystem, in the “capsule” that contains

capsule is liable tc be that portion of the length of the

catheter that exnibits the greatest passing diameter. It 1s
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normally possibie to devise a catheter delivery system in
which the length of the catheter, the shaft, between the
vroxlimal end of the catheter held in the hand of the
cperator, and the cistal end that exhibitsgs the capsule

containing the stent, will be of smaller passing diameter.

Thus, designers are interested to reduce the wall thickness

)

of the sheatn surrounding the self-expanding stent, to the

e
i

extent that 1s possible, congigtent with safe operation of

the gygstem. It 1s of course intolerable for the sheath

component to fall during deployment of the stent. The sheath

comporient must be robust encugh to withstand less than

optimal nhandling of the stent delivery system, by medical

plv'n

practilticners, during placement ocf the stent.

—

It 18 an object of the present invention to advance stent

delivery system design to achileve a smaller passing profile,

consistent with simplicity of design and reliability of

operation.

Summary of the invention

v

In accordance with one aspect of the present invention there

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

by itgelfl strong encugh to preserve

delivery sheath that 1is

the stent i1n a radially compressed pre-deployment

configuration, comprising the steps of:

1)

compressing the stent to a relatively small

diameter

11} providing a loading sheath with an inner diameter

dl

exhibiting an outgide diameter of

111) with the gtent

d2, where d2 < dl, providing relative translational movement

between the stent and the sheath, whereby the stent is

-

accommodated within the lumen of the loading sheath;

iv) advancing the loading sheath, containing the stent,

into the lumen of the delivery sheath; anca
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V) deployving the stent into the lumen of the delivery

sheath, by withdrawing the loading sheath while restraining

gunde
f—

the stent from axial movement out of the lumen of the

delivery sheath.

In accordance with ancther aspect of the present 1nvention,
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 into
the delivery sheath by advancing into the lumen of the
delivery sheath the loading sheath containing the stent, and

th
loading sheath but not the stent.

=7l withdrawing from the lumen of the delivery sheath the

According to a further aspect ©f the present invention there

1g provided a self-expanding stent (or stent graft) within

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

the delivery sheath being formed of polymeric material that

has been cold drawn with the stent in situ, within the lumen

of the sheath.

In a preferred embcodiment of the method of the invention, the
delivery sheath 1s subject to a lengthwilise strain, aftexr the

stent has been installed in the ilumen of the sheath, to draw

down the inner diameter of the delivery sheath tc a diameter

d3, which is less than diameter dl.

In one preferred embodiment, the sheath i1s one which can be

parted along a line extending axially the full lenath of the

stent, to allow the stent to push the material of the
longitudinally parted sheath of the way, during the radial
expansion.of the stent tnat occurs as the stent deplcys into
a bodlily lumen. Convenliently, the sheath is macde of
prolvethyleneterephthalate (PET} and typically has a wall
thickness of 30um prior to any drawing down of the diameter

after placement of the stent in the lumen of the sheath.
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t may be useful to design into the sheath a specific zone

for initiation of the cold drawing strain, so that such

"

atralin gpreads outwardly, progressively, along the length of

the sheath, from the strain initiation zone, upon imposition

on the sheath of the longlitudinal stress needed to initiate

the strain. Generally, 1t will be convenient to locate any

enn the opposite

;N

such strain initiation zone gsomewhere betwe

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

et

stent. The form of any such gtrain initiation zone could be

a porticon of the sheath that exhibilts a reduced wall

thickness.

Medical practitioners are seeking ever longer and more

flexible stents. Such stents are correspondingly more

probiematic to handle, 1n such a way that no portion of the

g

stent matrix is ever subiject to a level of stress that

prejudices the fatigue performance of the stent. Whereas
short and robust stentgs tolerate being pushed from one end,

long and flexible dellcate stent designs are vulnerable to

k -

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

during loading into a sheath and during deployment out of

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

aiong the full length of the ilumen of that graft can be found
in the disclesure of Applicant’s WO 2004/096091. Thus, for

loading a stent or stent graft 1nto the lcading sheath of the

present invention, it will generally be desirable to employ a
tool that extends along the lumen of the stent and supports
the stent matrix from within that lumen. Once the stent has

been 1nstalled 1n the delivery sheath, designers have the

opticn of leaving the tool in place, within the lumen of the

stent, for making a contribution to the construction and

operaticn of the delivery system for the stent or, 1in the

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

once the gtent has been installed in the delivery sheath, and

using for stent support during deployment of the stent some

other component within the construction of the delivery
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—

asyagtem. Thus, an optional feature of the methecd of the

present invention is the step ¢©f introducing into the lumen

of the stent, as part of the process of installing the stent

1n the delivery sheath, a compcnent of the delivery system

that will deliver the stent to the stenting site within the
body.

As for strategles f[or releasing the stent from the sheath,

wnen the stent 1s deployed in the body at a stenting site,

see Annex A that follows at the end, and forms part, of this

gescription.

Ag to the drawing down step, it 18 to be remembered that the

sheath 1s of remarkably gsmall wall thickness and so amenable

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

a

sheath 1s gripped 1in the hands of a skilled pergson. The left

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

F'

gsimply to stretch the sheatn in the portion of its length

surrounding the stent. However, such procedures are not
ideally sulited to meet rigorous gualilty control procedures.
It 18 therefore envisaged that the manually-achieved cold

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

rigorously specified mechanical step so that the stretching

procesg is performed always in the same way, for every

delivery system produced. One envisages machine components

that constitute first and second sheath grippers, one at each

—

end of the sheath, beyvond the respective end of the gtent

within the gheath, such grippersg likely gripping the sheath

all around the circumference of the sheath, probably with a

high enough fricticon grip to hold the sheath ends securely,

possibly with grip surfaces of silicone rubber material, with

the firsgst and second sheath grippers moving apart from each

other 1n a controlled fashion, with sensors to provide

control engineering feedback so that the sheath 1s always

colid-drawn in the same manner.
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"/

Sheath delivery systems with a distal end capsule having an

outgide diameter of 6 French, or even legsg, are well within

o

the contemplation of the inventors ©f the present invention.

|

g
pratn

Brie:

description of the drawings

For a better understanding of the present invention, and to

show more c¢learly how the same may be carried into effect,

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

accompanying drawlngs, 1n which:

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

for loading a stent into a delivery sheath;

Fig. 2 shows the device ©f Fig. 1, but with the stent
partially locaded in the sheath; and

' ied
-

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

a stent or stent graft within a sheath, in accordance

with the pregent invention.

Detalled description

F1Lg.l shows a crimped covered stent 10 ready for deployving

from a loading sheath into a delivery sheath 12, by advancing

the stent 10, 1n a lcading tool 14 into the lumen 16 of the

sheath 12, in the direction of arrow 7,

The stent 10 18 a radially self-expanding nickel titanium

alloy stent covered in an ePTFE film. This covered stent 1s

constrained by a loading sheath 18 in a radially compact

disposition. The stent 1s installed in the locading sheath 18
by a “crimping” procedure Known per se in which a jig (not

shown) compregsgses the gtent radially inwardly, down to its

compact disposgition, whereupon the stent 10 and the loading

sneath 18 are moved relative to each other axially (usually
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by holding the sheath 18 stationary and translating the stent
1¢ into the lumen of the sheath 18).

Before the gtent 18 crimped, there 1g 1nsgerted in its lumen a

shaft 24 carrving a sequence of rings standing proud of the

cvlindrical suriface of the shaft, or a spiral thread 22

running along the shaft. The covered gtent 1sg crimped down

onto the shaft, whereupon the shaft can push the stent along
its axis, supporting the stent all the way along the length

of the stent, within its lumen. For more details, gee Annex

A, at the end of this description.

In accordance with the present invention, the stent 10 is
then “deplovyed” into the lumen 16 of the delivery sheath 12.
For that deployment, the confining gheath 18 is pulled

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

During this pulling, one restrains the shaft 24 from axial

movement, which prevents the stent from moving axially with
the retreating loading sheath 18, so that the sheath remains

1n the deslred location, inside the delivery sheath 12.

The delivery sheath 12 18 of rather thin-walled PET tubular

material. It 1s gripped at 1its proximal end 30 py an annular

gripper chuck 32 and gripped at its disgstal end 34 by a

similar annular gripping chuck 36, so that the twoc chucks 32
and 36 hceld the opposite ends 3¢ and 34 c¢f the delivery

asheath 12 at a desired distance apart, while the stent is

deployed 1ntc the sheath lumen 16.

This deployment process can be seen, partially completed, in

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

proximally, in the direction of arrow f, relative to the

stent and to the stent pusher annulug 22, thereby releasing

the stent 10 into the lumen 16 c¢f the delivery sheath 12
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progressively, starting at the distal end 40 of the stent,
through a radially expanding portion 42 of the stent that
travels the full lenath of the stent, from the distal end 40
to the proximal end 44 of the stent, not vyvet free of the

confining loading sheath 18 as shown in Fig. 2. Once the

full length of the stent 10 is clear of the loading sheath

18, the full racially outwardly directed stenting force from
the stent 10 1s carried by the delivery sheath 12, and the

lumen 46 ¢f the gtent ig big encugh for simple proximal

F
p—

withdrawal f£rom that lumen of the tubular element 24 of the

leading machine.

As explained above, the stent 10 is now radially confined

within the delivery sheath 12 and can be regarded as &z

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

a catheter delivery system for the stent.

The process 18 presented in a block diagram, in drawing Fig.

3. However, Fig. 3 identifies further steps of the

Hek

manufacturing process. The sequence of steps in Fig. 3 is

identified by references A to I and we have the following

commentg on thege procesg steps.

Step A is the step of providing the stent or gtent graft of

f—

choice. A kare stent is one without any covering. A stent

graft 1s a covered bare stent and the covering is typically

of expanded polytetraflucroethyliene (ePTFE) but other

covering materials are known to thosge gkilled in the art.

g

Step B 18 the step of installing i1n the lumen of the chosen

stent an inner catheter tocol and the one preferred by the

present Applicant 1s that described in i1ts earlier

publication WO 2004/096091 which goes by the acronym “ALFER”.

Step C 1is the step of crimping the stent to bring the cutside

P

diameter of the chosen stent down to one that 1s small enough

for loading the crimped stent into the chosen loading sheath
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18. Next, step D, the crimped stent 1s translated axially
into the lumen of the loading sheath 18. Then, the loading

sheath carryving the sgtent 1s translated (as explained in

Figse. 1 and 2) into the lumen 16 of the delivery sheath 12

and the loading gheath 18 1s withdrawn in order o deploy the

stent into the delivery sheath. As noted on Fig. 3, the
delivery sneath 12 1g convenlently a PET tube having a length

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

in the PET tube located midway along the length of the stent
11 the lumen of the PET tube.

Once the gtent is deploved, the inner catheter loading tool

can be removed, step I, Ifyrom the lumen of the deployed stent.

F

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

o™

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

stent can now be introduced into that lumen.

Having prepared the gtent lumen, the delivery sheath can now

be cold-drawn, lengthwise, to impose substantial strain on
the material of the delivery sheath. Thisg strain will have

the e

sheath, and generating hoop stresses withlin the delivexry

Fl

fect of reducing the wall thickness ©f the delivery

1}

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

o~

compress the stent inside the lumen of the delivery sheath,

and therefore marginally reduce 1tsg diameter. The Fig. block

diagram carries notes 1n relation to this step H of the
process. These notes teach to use a soft sticky material to
grip the delivery sheath fcor achieving the cold-~drawing

strain. That strain is conveniently imposed on the sheath

F

stepwise, commencing at the midpoint of the length of the

sheath and repeating the cold-drawlng process, stepwilise,

until a final desired outside diameter profile is achieved
for the sheathed stent. Thus, in the final step I of the

process, the stent-bearing capsule 1s ready for combining

with other components ©f the catheter gsystem that 1s to

11

deliver the sgtent to the site of stenting in the body o:

patient.
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Applicant has an earlier-dated patent application, GB-

0720327 .6 which described a sheath splitting system. Annex A

to this description follows immediately below, and provides

Lhe reader with an enabling description of one way to provide

a splitting system for the sheath delivery catheter system

degcribed above.

Readers will understand that the i1llustrated embodiments are

non-limiting. Readers have enough background technical

knowledge tce modify the sgpecific teachings above 8o as to

conform to their own perceptions of good design and

conformity with their own stent products or otherx

regquirements of the market.

There now follows Annex A (comprising 29 sheetg of text

corresponding to the description and claims of Annex A, the

agssoclated drawings of which are incorporated as Figures 1A
to 7A of this application), followed in turn by the claims in

which the present i1nvention 1s defined. Annex A forms part of

and 1s 1incorporated into the present description, and its

pages are correspondingly numbered in sequence with the

present specification.
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Annex A 12

Delivery System for a Self-Expanding Device

for Placement in a Bodily Lumen

Technical field

This invention relates to a delivery system for a self

expanding device for placement 1n a bodily lumen, the

sSystem

comprising a sheath that confines the device to a radially

compact delivery disposition until the device is to be

released into the lumen.

Background art

TR WTTTTTTY

For a statement of the background art relevant to the

invention, 1t 1s convenient to reproduce, immediliately

—

Cctober 17, 2007 by the present applicant with patent

present

below,

the description that was filed at the UK Patent Office on

appiicaticen number 07 203 27.6. That description reads as

follows:

w

The invention relates to a catheter delivervy system for

introducing and placing an endoproesthesis in a human or

animal body. The catheter delivery system comprises a

region in which to receive the endoprosthesisg, an

-

elongate sheath to surround the endoprosthesis in the

region and a device for splitting the gheath along its

length, to release the endoprosthesis from the region.

Catheter delivery systems are commonly used to introduce

self~expanding endoprostheses 1n human or animal

bodiesg

and to advance them to the clogged or narrowed area. In

the delivery system, the elongate endoprosthesis

in a radially compressed state by a surrounding s

1s held
heath

to facilitate a smooth delivery. When the endoprosthesis
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| Annex A 13

has been placed in the destined area, i1t i1s expanded by

wilithdrawing or opening up the sheath.

A catheter delivery system where the endoprosthesis 1is

expanded by cutting open the sheath 18 disclosged 1n FR

2688688. In this system, three cuttlng wireg are

arranged equidistantly arcund the periphery of the

'l

endoprosthesis. Each wire runs from a proximal end of
the catheter to a distal end, with the wire placed
between the radially compressed endoprosthesis and the
sheath in the region where the endoprosthesis is
recelived, leaves the sheath at 1ts distal end and runs
kack to the proximal catheter end alcong the outgide of

the sheath, so as to form a loop around the sheath wall.

Both parts of the wires, 1in- and outside the sheath, are

gulded parallel to one another and the overall six

proximal 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 delivery system that uses only one cutting

I

wire i1s disclosed in WO-A-01/08599, The wire consists of

an inner puil element, running within the sheath, an

outer pull element, running outside the sheath, and a

separating element, located between the digstal ends of
the two pull elements at the distal end of the sheath.

In order to expand the endoprosthesig, both pull
elements are gimultaneously pulled in a proximal
direction, so that the geparating element moves along
the endoprcesthegig towards the proximal catheter end and
cuts through the sheath wall.

In known catheter delivery systems that use a cutting

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

-

trapped between the expanded endoprosthesis and the wall
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s 1g finished.

of the vesgsel, once the expangsion proces

To remove the sheath from the patient’s body, it has to

be pulled out from its proximal end. For the case of
relatively large endoprostheses, such as cesophagus

stents, where sgheaths with thick walls can be used, this

procedure 18 normally uncomplicated. However, problems

arise when small-sgsized endoprostheses are required, for

example to widen narrow blood vesgsels. In this case, the

profile of the distal catheter end, comprising the
endoprosthesis to be deployed, has to be strongly
reduced, 1in order to facilitate accurate placement of
the endoprosthesis and thus sheaths with thin walls have

to be used. When such a thin-wailed, cut open sheath is

removed from the patient’s bedy by pulling from its

proximal end, the friction generated by the abluminal

surface of the expanded endoprosthesis and the luminal
surface of the vessel may cause eilther the sheath to
tear, inhibiting its complete removal, or the
endcprosthesls to move proximally with the sheath being
pulled away from the axial posgition in the bodily lumen
where 1t ought to be. Similar friction problems may

arise even 1n traditiconal deployment methoas, whexre an

unslitted sheath is withdrawn from the endoprosthesis in

the expansion process. When pulled from the proximal

end, a thin-wal.ied sheath may stretch along the

direction of the pull, leading to a decrease of its
radial diameter. Thig increages the friction caused

between sheath and endoprosthesisg, requiring a larger

pulling force to move the sheath, similar to the known

e

concept ¢f the “Chinese finger trap”. Eventually, the

sheath may tear or the endoprogthesis may move away from

the desired position.

A main obijective of the invention 1is tc provide a

catheter delivery system, where the sheath surrounding

the endoprosthesigs can be easily and reliably removed.

In another obiective, the invention aimg to provide a
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catheter delivery system wlth a simplified sheath

gplitting mechanism that reduces the risk of damage to

the body tissue when the sheath is cut open.

The invention provides a catheter delivery system for

introducing and placing an elongate endcprosthesgis in a
human or animal body. Thne catheter delivery gystem has a

proximal end and a distal end and comprilses an elongate

region at the distal end, in which to receive the

endoprosthesis, an elongate sheath to surround the

endoprosthegis in the region, and a device for sgplitting

the sheath along 1ts length, to release the

endoprosthesis from the regicon where the endoprosthesis

15 received. The device for splitting the sheath

comprises a first pull element with a proximal end at

the proximal end ¢f the delivery system and a distal

end, comprising a splitting section for splitting the
sheath. The first pull element extends to a distal end
of the sheath at a distal end of the delivery system and
can be pulled along the length of the sheath from the

proximal end of the catheter delivery system. Further,

the catheter delivery system comprisges a gecond pull
element that pulls the distal end of the sheath
proximally during the movement of the first pull element
along the length ¢f the sheath. When the first pull

At

element 1&g pulled from tne proximal end of the catheter

delivery aystem, the splitting section moves from an

criginal position at the distal end of the sheath

towards the proximal catheter delivery gystem end,

thereby gplitting the sheath along its length. During
thig movement of the sgsplitting section, the

endoprosthesis expands from a radially compressed state

to a radially expanded state in the region where the

sheath has already been split. While the splitting

section is opening up the sheath, the seccend pull

e

element pulls the distal sheath end towards the proximal

end of the catheter delivery system, Lhereby removing
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the sheath from the region where the endoprosthesis has

expanded. Once the sheath is fully split, it can be

completely removed from the distal end of the catheter

delivery system, using the second pull element, and

subsequently taken out of the patient’s body. The force

exerted by the second pull element onto the sheath

during the sheath removal process acts on the distal

sheath end, so that stretching of the sgheath along the

pull direction (which may occur when the sheath is

pulled from itgs proximal end) 1s aveided. Furthermore,
when the sheath 1s starting to be removed, the
andoprosthegis has only partly expanded. Thus, the area

where the sheath 1s pushed against the vesgel wall by

the expanded endoprosthesis i1s smaliler than for the case

of a fully expanded endoprosthesgis. This leads to a

L.

fricticnal forceg that have to be

reduction of the

overcome 1n order to move the sheath. Hence, the force
required to pull out the sheath is reduced, simplifyving
the removal process, and the sheath 1s exposed [0 a

gignificantly lower level of

stresgss. Thnls is

particularly important for the case of thin-walled

sheaths, used for deplcoyment of gsmall endoprogstheses in
narrow blood vessels etc., that may easily stretch or
tear, rendering a complete removal impossible or causing

undesired movement of the endoprosthesis.

- N

in a preferred embodiment, the first pull element is a

wire., In this way, the pull element can be made with

small lateral dimensions, so0 as to keep a reduced

profile of the distal catheter delivery system end and

sufficiently stable to avoid deformation or breakage

when a pulling force 1s applied. The wire may have a

round radial cross section or may be flattened along a

circumferential direction of the endoprosthesis such as
to have a ribbon-like shape. In the latter case, lateral
movement of the wire along the periphery of the

endoprosthesis during the pulling process is reduced and
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the wire is8 gulided on the abluminal endoprosthesis
surface. The splitting section may be attached to the

distal end of the wire or may be formed as an integral

part thereof. For example, the distal wire end may have

_
p—

a crogs secticon that differs from that of the regt of

its length, and that 1is particularly suited to split the

sheath. Furthermore, the distal wire end may stand up in

—

a radial direction of the endoprosthesis or form a

hooked portion, so as to reliably catch and split the
sheath.

In a further preferred embodiment, the second pull

| ——

‘or the case of the first pull

alement 18 a wilire. Ag
element described above, in this way the second pull
element can exhibit small radial dimensions whilst

maintaining the required level of robustness. The radial

wlre cross section may be round or ribbon-like, whereby
the latter configuration aillows for a guided movement of

the wire along the length of the endoprosthesis.

Preferably, the second puli element has a hocked portion
at i1ts distal end and the distal end of the sheath is
received within the hocked portion. In this way, the
distal sheath end can be securely attached to the distal
ena of the second pull element, without the need for any

additional means of attachment that may increase the

prefile of the distal catheter delivery system end. For

example, the distal end of the gsecond pull element may

be bent backwards, so as to form a hooked portion and
the distal sheath end may be clamped within said
portion, rendering the fabrication process cheap and

simple.

Preferably, the distal end of the sheath is provided

with a slit to receive the splitting section. Such a

siit causes a reduction ¢of the pulling force that is

requlred to split the sheath at its distal end and
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thereby helps tc prevent the formation of ripples in the

sheath when the splitting section is moved towards the

proximal end of the catheter delivery system. In

]
—

addition, movement of the splitting section along the

periphery of the sheath at the beginning of the
spiitting process is avelded, so that the sheath can be

cut along a well-defined direction.

In another preferred embodiment, the sheath is at least
partially covered with a hydrophilic coating. Such a

coating effects a reduction of the frictional forces

between sneath and luminal vessel surface, reducing the

ftorce reguired to remove the sheath.

Preferably, the second pull element runs between the

endoprosthesis and the sheath in the region where the

endoprosthesis is received. In this way, the second pull

=

element can be prevented from moving across the body

CLissue of the 1nner wvessel wall during the sheath
removal process, avolding possible damage to the
patient’s body or entanglement of the pull element.
Furthermore, the pull element 1s securely guided between

sheath and endoprosthesgis when the sheath is removed.

In a further preferred embodiment, the first pull

element and the second pull element are provided at

positions that are substantially opposite each other on

F

the circumference of the endoprosthesis. This

ey

arrangement allows for a maximum separation distance

between the two pull elements and thus helps to avoeid

possible entanglement of the two components.

Furthermore, when the distal end of the sheath is pulled

towards the proximal catheter delivery system end, the

force applied to the sheath is evenly distributed

between the two parts of the split sheath portion that

lie on opposlite sides of the cut 1in a circumferential

direction of the endoprosthesis. Thus, a smooth and
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uniform sneath removal can be achieved. In order to

engure said opposite arrangement of the two pull

elements, a slit for receiving the gplitting section may

be placed opposite the position where the distal sheath

end 18 secured to the gecond pull element.

In yet another preferred embodiment, the first pull

element and the sgsecond pull element are coupled to each

other by a coupling mechanlism in such a way that, when

the first pull element is pulled from its proximal end,

also the second pull element is pulled via the coupling

Fl

mechanigm. In this way, the movement of the gplitting

section and the disgtal sheath end relative to each other
1s controlled by the coupling mechanism, ensuring a
smooth sheath removal process. The surgeon only has to

pull the first pull element, so that the cperation of

the delivery gystem 1s greatly simplified and any
complications due to wrong use of the system are largely
avelded. Furthermore, the coupling mechanism may be
formed in a way that i1t ensures opposite positions of

the two pull elements on the circumference of the

endoprosthesis, as described above. For example, the

coupling mechanism could be a ring-shaped obiject, with
the two pull elements attached on opposite gides on 1its

circumference.

Preferably, when the first pull element i1is puilled from

o

its proximal end, both the distal end of the first pull

o

element and the distal end of the second pull element

move towards the proximal end of the catheter delivery

system, with the distal end of the second pull element

lagging behind the distal end of the first pull element

by a predetermined distance, so that first the
separating sectlon starts separating the sheath and then
the distal end cof the sheath is pulled towards the

proximal end of the catheter delivery system by the

second pull element. Such a configuratiocon can be
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achieved, for example, by making the second pull element
longer than the actual distance between the posgition
where 1t 18 secured to the distal sheath end and the
position where 1t ig attached to the coupling mechanism.

This excess length is compensated for by arranging the

second pull element in a wavy or undulating structure

close to 1ts proximal end. When the first pull element

igs pulled, the pulling force 1s transmitted to the

second pull element via the coupling mechanism. While

the splitting section is moved towards the proximal

catheter delivery system end, the proximal end of the

second pull element moves in the same direction, thereby
straightening said wavy structure. This means that,

although the proximal end of the second pull element

moves, its distal end remains in its original pogition

or, 1n other words, the system isg8 1n “lost moticn”. Once
the wavy portion of the second pull element ig fully
stralghtened, the distal sheath end is pulled towards

the proximal catheter delivery system end. The lag

between the splitting section and the distal sheath end

ig defined by the excess length of the second pull
element, and can thus be easily adiusted in the

fabrication process.

In thig way, i1t can be ensured that the gplitting

section starts sgplitting the sheath before the distal

sheath end is pulled out, towards the proximal end of
the catheter delivery system., The lag between the two

components defines the length along which the sheath is
split before 1t is starting to be removed and thus also

substantially sets the length over which the

endprosthesgsis expands prior to the sheath removal

procegss., Hence, the lag should be sgset large encugh to

warrant that the sheath splitting process 18 1nitiated
before the sheath removal process, yvet smail enough to

ensure that a sufficiently small of the endprosthesisg

=

has expanded, to allow smcoth removal of the sheath.
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few millimetreg ig chosen, for

(I
)

Preferably, a lag o:

example 5 mnm.

In another preferred embodiment, the endoprosthesis

-
B

comprigses a stent. The invention allows for the use o©:

very thin-walled sheaths, avoiding any complications in

the sheath removal process, and is thus particularly

useful for delivering endoprostheses with a small radial

diameter, sguch as vascular stentg. The distal end

profile of the catheter delivery system can be reduced

to ensure precise positioning cof the stent in the

patient’s body and once 1n 1ts desgsired place, the stent

can be controllably expanded.

In yet another preferred embodiment, the endoprosthesis

comprises a self-expansibie stent. The sgtent expansion
and sheatn removal process can be contrceclied and
coordinated by adjusting the lag between splitting

section and distal sheath end, asg described above. In

particular for small self-expansible stents, the

catheter dellivery system of the invention offers a

significant improvement over the traditional method cof

stent delivery, where the sheath is withdrawn from its
proximal end. Thisg procedure may cause thin-walled
sheaths to stretch or teayr, thereby limiting the minimum
sheath wall thickness and thus also the minimum

achievable distal end profile of the catheter delivery

syastem. Neverthelegs, the invention may be useful even
wlith prostheses that are not self-expanding, such as the

well-~known balloon-expandable stents.

Preferably, the stent has an elcongate shape, can be in a

radially expanded and in a radially compressed state,

and has a radial diameter ¢f 6 French or less when it is
in the radialiiy compregssed state and a radial diameter
of 4 mm or more when 1t is in the radially expanded

state. Ag degcribed above, the catheter delivery system
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of the invention allows for a significant reduction in

radial stent diameter, thus considerably extending the

range of use of the apparatus.

Preferably, the sheath is made from PET. Such sheaths

can be formed with sufficiently thin walls, while

maintaining the required level of robustness to safely

retaln the endoprogsthesis. PET 1s known for its low

e

compllance. A balloon of PET behaveg like a paper bag.
In general, low compliance polymers are likely to be

more useful 1n the present invention than higher

compliliance polymers like polyethylene. In addition, PET

gsheaths are cheap and easy to manufacture,

Furthermore, the endoprosthesis can be easily loaded

into such a PET sheath, simply by placing the

endoprostheslis inside the sheath and cold drawing the

sheath 1n such a way as to axially strain it

sequentially, preferably from the distal to the proximal

end of the gheath. In this way, the sheath is stretched
in 1ts axial direction and the radial sheath diameter is

adjusted by controlliing thig stretching process.

In a second agpect, the invention provides another
catheter delivery system for introducing and placing an
elongate endoprosthesis in a human or animal boedy. The
catheter delivery system has a proximal end and a distal

end and comprises an elongate region at the distal end,

1n which to receive the endoprosthesis, an elongate
sheath to surround the endoprosthesis in the region, and

a device for splitting the sheath along its length, to

release the endoprosthesis from the region where the
endoprosthesis is recelived. The device for splitting the
sheath comprises a pull element with a proximal end at
the proximal end ¢of the delivery system and a distal

end, comprising a splitting section for splitting the

sheath. The pull element extends to a distal end of the
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sheath at a distal end of the delivery system and can be
pulled along the length of the sheath from the proximal

end of the catheter delivery system. In the region where

the endoprosthesis i1s received, the pull element is

devoid of any structure outside the sheath and the
distal end of the pull element is distal ¢f a distal end

of the endoprosthesis at a distal end of the catheter

delivery system. In this way, 1t can be prevented that
the pull element moves across the body tissue of the

inner vessel wall during the sheath splitting processg,
thereby aveiding possible damage tc the patient’s body

geivn

or entanglement of the pull eiement. If the pull element

1s retained between gheath and endoprosthesis, it 1s

securely guided during tne sheath splitting process.

The gplitting section may be attached teo the pull

L.

element at 1its distal end or may form an integral part

therecf. For example, the splitting section could

comprise a sharp edge, like a blade, to c¢ut the sheath

when moved along its length. However, 1in a different

embecdiment, the sgplitting section may inciude a blunt

compcnent or portion instead that has the shape of, fox
example, a bkall, a wedge or a “humpback”. The blunt

component or portion has a larger thickness in the

11

radial direction of the delivery system than the resgt of
the pull element. Thug, when said component or portion
ig moved along the length of the endoprosthesis, 1t

induces extra tension in the sheath which is closely

surrounding the endoprosthesis, causing the sheath to

tear. This latter embodiment 1is particularly useful when
the sheath i1s provided with a slit to receive the
splitting section, reducing the force necesgsary to

initiate the sheath splitting procegs. In this case, the

gsplitting location is defined by the position of the

giit and no sharp edges are present that might carry a

rigk of damage to the vessel wall tissue.
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Furthermore, in the embodiment ©f the catheter delivery

F

system of the second aspect of the invention illustrated

in the appended drawings, only one pull element has to
be pulled 1n order to split the sheath. This simplifies

the use of the catheter delivery system and avoids the

problemsg that may arise when more than one pull element

is used, such as entanglement or an uneven distribution

of pulling forces. Use cof only one pull element 1is

particularly advantageous 1n combination also with the

el

first agpect of the invention, namely the splitting

device aspect. In this case, only one pull element has
to be pulled in order to split the sheath and reliably
remove 1L from the region of the endoprosthesis.

Neverthelegs, the present invention can also be embodied

in devices which exhibit more than one pull element,

distributed around the circumference of the sheath. More

than four such pull elements around the circumference,

however, 1s not preferred.

Figure 1A shows an axlial cross section of a catheter
delivery gystem according to a preferred embodiment in

arn ilnitial position;

Figure 2A shows an axial cross section of a catheter

delivery system according to a preferred embodiment in a

first intermediate position, where the sheath cutting

procegs has started; and

Figure 3A showg an axlal crosg secticn of a catheter

delivery system according to a preferred embodiment in a

second intermediate position, where the sheath removal

process has started.

s

Figure 1A showsgs an axial c¢cross secticn of a catheter

delivery system 10 according to a preferred embodiment
in an initial position before expansion 0f the

endoprosthesis. The delivery system 1C has a proximal

—
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end 11 and a distal end 13, comprising an elongate

region 16 where a wvascular self-expansible gtent 12 1s
receilved. The stent 12 is surrounded and held in its
T.

Further, the delivery system 10 comprises a [irst 18 and

L4

radially compressed state by a sheath 14 made of P

a second 20 pull element that both consist of a metallic
wire and run between the stent 12 and the sheath 14 in
the region 16 where the stent 12 i1igs received. In this

region 16, the wires of beth pull elements 18, 20 are

flattened along a circumferential direction of the stent
12, 80 as tc have a ribbon-like shape. The first pull

element 18 has a splitting section 22 at its distal end
that i1g formed by a wire porticon standing up in a radial

P

direction of the delivery system 10 and a handle 30

attached to its proximal 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 porticon 24 at 1ts distal end that is clamped onto

the distal end ¢f the sheath 14, so as tc provide a
secure attachment. At 1ts distal end, the second pull

element 20 1s attached toc a metallic ring 28 that 1s

itself attached to the first pull element 18 and serves

as a coupling mechanisgm. The two pull elements 18, 20

are arranged opposite each other on the circumference of

the stent 12 and secured in this configuraticn by the

coupling mechanism 28. Close to the coupling mechanlism

28, the seccond pull element 20 has an undulating portion

26, For stent 16 deployment, the first pull element 18

ig pulled towards the proximal end 11 of the delivery
gygtem 10, using the handle 30. This causes the
splitting section 22 to move along the length ¢f the
stent 12 in the same direction, thereby splitting the

sheath 14 along itsgs length as 18 ghown in Fig. 2A. In

the section 32 of the distal catheter region 16, where
the sheath 14 has already been gplit, the stent 12

starts to expand radially. Simultanecusly the coupling

mechanism 28 is moved towards the proximal end 11 of the
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delivery system by the first pull element 18, thereby
pulling the distal end of the second pull element 20 in

1

the same direction. Figure 2 shows an axial cross

section of the catheter delivery system 10 of Fig. 1A in

a first intermediate position, where the 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 its initial position. Thus, the sheath 14 has been

partially split and the stent 12 has gtarted expanding

in the split region 32, but the sheath 14 removal

process has not started yet. When the first pull element
18 18 pulled further towards the proximal delivery
aystem end 11, the hooked portion 24 starts pulling the

sheath 14 proximally from 1ts distal end as can be seen

in Fig. 3A, showing the catheter delivery system 10 of
Figs. 1A and 2A in a second intermediate position. Once

the sheath 14 ig split along its whole length, the stent

12 fully expands into its radially expanded state.

Subsequently, the sgheath 14 1s completely removed from
the region 16 where the gtent 12 1s received, by further
pulling the first pull element 18. Then the catheter
delivery system 10, including the split sheath 14, can
be taken out of the patient’s body.

The present embodiment repregents an example for a

"_

combination of the two agpects of the invention and

F

1llustrates the advantages of such a configuration:

sheath splitting and removal can be performed reliably

and quickly 1n one work step, simply by pulling a single

pull element 18; the danger of damage to body tissue due

to moving elements 18 minimised; entanglement of

different pull elements 1g avoilded; and the distal end

profile of the catheter delivery system 10 can be
reduced, allowing accurate placement and controliled

dgeployment even of very small endoprosthesges.
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Also belonging to the state of the art is WC2004/066809,

which suggests to use a deployment line that is integral with

a pull back sheath, to release an endoluminal device from
inside the sheath.

Summary of the invention

TR TY T T T T TR T Te

The present invention provides a delivery sgystem as

identified above, which includes an elcngate pull element to
be pulled proximally from its proximal end, which pull

element ig arranged radially inside the sheath for pulling

preferentially on a pull zone on the circumference of the
distal end of the sheath, thereby to tear the sheath

progregsively along a tear line running the length of the

sheath, starting at the distal end of the sheath, to release

the device from the confining effect of the sheath,

progressively, beglnning at the distal end of the device.

The present invention repregents ancother step long the path

cof degign of delivery systems for devices such as self-

expanding stentg and stent graftg, at a leocation within the

body that 1is difficult to reach, and challenging in terms of

the small dimensions cf the stenting location. A sheath that

confines the self-expanding stent radially, until the moment

when 1t 1s to be released 1nto the bodily lumen, should be

strong enough to confine the stent, but with a wall thickness

ag thin as can be achieved, for maximum flexibility and

maximum capability to advance to the site of delivery through

narrcow and tortuous bodily lumens. ghe inventive concept, of

releasing the stent by pulling the sheath proximally while

tearing the sheath progressively, along a tear line that

F

beging at the distal end of the sheath, fits with the concept

[~

of progregsive release of a self-expanding stent commencing
At its distal end. Furthermore, the idea of using a pull

element to pull proximally the distal end of the sheath,

during the progressive releage of the gtent, fits with the

idea of pulling the sgheath back proximally, away from its
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location between the stent and the bodily lumen to be

stented, before the stent hasg fully expanded radially and

pressed itself into the tissue wall of the lumen, thereby

facilitating proximal withdrawal from the stenting location

cf the stent delivery gystem, including the sheath that has

been torn by the pull element. Readers will appreciate that

the tearing induced by pulling on the pull element is

asgsisted and encouraged by the consequeni radial expansion of
the stent, progressively, beginning at itsg distal end, the

hoop stresses in the gheath, being generated by the stenting

forces within the radially expanding stenting rings of the

stent escaping from the sheath.

The inventor envisages percutanecus placement of self-

expanding stents or stent gratfts with a delivery system that

advances over a 35 thou (0.035 inchesg) diameter guidewire,

the delivery system envisaged having in preferred embodiments

a passing diameter of as little as 5 French (1 French = 1/3

mm) or even less, for a bare stent presthegis, or 6 French

(or even less) for a covered stent with the potential to

expand after placement to a diameter ¢f up to 12 mm.

Furthermore, readerg will appreciate that a stent release

mechanism that works by tearing and pulling a sheath offers

the potential to deploy stents and stent grafts that are

axially longer than conventional. Indeed, one envisages

deploying with the present invention gtents and stent grafts

having ilengths of up to around 300 mm (0oxr even longer).

With the pull element serving to drag material of the sheath

into the annulus between the stent and the untorn sheath, it
will generally be beneficlial to provide the sheath material

with a hydrophilic ccating which will attract water molecules

N

to the coating to serve as a lubricant,

cven while the pull

element pulls the torn sheath proximally over the stent until

the stent i1s fully released.
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A preferred material for making the sheath is polyethvylene

phthalate-PET- that 1s cold-drawn over

Che prosthesis mounted

1n a catheter dellvery system. Such a PET sheath can be

sequentially axially stretched by the cold-drawing process,

starting from the distal end of the self-expanding device and

moving through to the proximal end of the device, to control

the radial shrink diameter and final pro:
the distal tip of thi

‘1le. Advantageously,

sheath 1s drawn down to an outgide

diameter that is subsgtantially smaller than the outside

diameter of the sheath where 1t embraces the self-expanding

device, 1n order that the sheath shall itsgself define the

e

outside of an atraumatic tip section for the delivery system

as such.

The embodiment that is for the time being preferred has a

single line of weakness in the wall thickness of the sheath,

that extends lengthwise along the sheath,

tear initiation point on the circum;

of the sheath and runni:

starting from a

"erence of the distal end

F‘-

1g £¢ the proximal end of the sheath,

the line of the line of weakness belng near to the pull zone

vy

at the distal end o:

the sheath. Thus

-

, pulling on the

elongate pull element will impose tearing forces on the

sheath at the tear initiation point of the line of weakness

neay to the pull zone,

Frm

F

initiating a tearing of the sheath

along the line of weakness, that progresses as the pull

element is pulled and withdrawn proximally. Neverthelegs,

embodiments are envisaged 1n which there are two lines of

weakness, parallel to each other, and cone each side 0f the

pull zone so that pulling on the elongate pull element pulls

a strip of the sheath proximally, with the pull element, but

el
e

not the remainder o:

the circumference

o
T
C =

the gsheath that is

the arc of the circumference of the distal end of the sheath

p—
—

ont The other side O

t-the sheath cixrcum:

"erence from the pull

element, that complements the arc between the two tear

initiation points and shared with the pull element.
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The or each l1ine of weakness 1s conveniently provided as a

line of perforations through the wall thickness of the sheath

and, preferably, each line of weakness terminates, at its

tear initiation point, 1in a sliit.

It ig envisaged Lhat the pull element will be contiguous with
the sheath, monclithic with the sheath, but not cold-drawn in
the same way as the sheath. Although sgsuch a pull element

could be a band of the sheath material that has a width of as

little as around 1 mm, band widths preferred

-

for the time

being are widthg that take up at leagt 50% of the
circumference of the sheath, so that pulling on the pull
element directly pulls proximally into the annulus between

the sheath and the gelf-expanding device an arc of the

circumference of the sheath that is more than half of the

circumference. It will be appreciated that such embodiments

-

will be effective in pulling a large proportion of the

material of the sheatn progregsively proximalliy as the self-

expanding device expands out ©f the torn distal end of the
sheath, to leave a minimum of the sheath material trapped
petween the expanded stent {(or other device) and the tissue

of the bodily lumen being stented.

An important application of the present invention 18 1n

catheter delivery systems for gelf-expanding stents of

nickel-titanium shape memory allioy, as well as for stent

grafts and other covered stents based on sguch alloys. With

such delivery systems, 1t i1is conventional to provide a pusher

that abuts the stent and 1s effective to resist proximal

movement of the stent during the period that the sheath

surrounding the stent is being withdrawn proximally. In

_

congeguence, the shaft of the catheter of the dellvery system

exhibits a push element and a pull element. The pull element

running along the shaft is functional to pull the radially

confining sheath proximally to release the stent. The push

element is capable of enduring a compressive stregs along its

length, that provides to the pusher that is abutting the
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stent the necegsary pusning force to restrain the stent from

moving proximally with the retreating sheath. The state of
the art in such delilvery systems 18 replete with examples of
aystems that use a wire as the pull element and a tubular
member such as a stainless steel hypo tube as the pushing

element that delivers the pushing force to the pusher that is

abutting the stent. In such arrangements, a connection is

needed, between the pull wilre that runs the length of the

catheter shaft, and the eiongate pull element of the present

inventicon, that pulis the gheath proximally to release the

stent. It may be convenient to provide this connection in the

form of a complete or partial ring to which the pull wire isg

brazed or welded, or otherwise fixed, thereby to extend

proximally from the ring, while the elcongate pull element a

band of PET sheath material 1in preferred embodiments of the

present i1nvention) 1sg bonded 1n some other way to the

connector ring. For example, the connector ring could be

provided as two components that snap-fit together,
captivating the pull element between the two ring components

when they snap together.

Stenting delivery systems are usually provided with rings
that serve as radiopague markers, 80 that the progress of the
delivery system, and the progress of progressive stent

release 1nto the bodily lumen, can be monitored

radioscopically. It is envisaged that the connector ring that

connects the elongate pull element to a pull wire running the

length of the shaft ©of the catheter 1s an element that lends

P

itself to formulation as a radiopague marker element. In that

case, one envisageg the connector ring being located close to

the proximal end of the stent during the delivery phase, and
moving proximally away from the stent pusher during

deployment ¢f the stent. Supposing that the stent pusher is

1tselif serving as a radliopague marker, the growing gap

between the stent pusner and the connector ring, as seen

radiogcoplcaily, serves ag an indication of progress of stent

releage i1nto the bodily lumen.
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Brief description of the drawilngs

For a better understanding of the present invention, and to

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

reference will now be made, by way of example, to Figures 4A

to 7A of the accompanying drawings, in which

Fig. 4A 18 a diametral longitudinal section thrcugh the

distal end of a stent delivery system

Fig. BA is8 a section that is the same as Fig. 4, but shows

only the sheath and elongate pull element of Fig.

4, for improved clarity;

=

Fig. 6A igs a view from the gide, of the distal end of the

-y

sheath and pull element of Fig. 5; and

Fig. 7A 18 a section corresponding to that of Fig. 4, but

i)

showling the system part way through the process of

atent releage.,

I
LR SRS RRARRSEESE SRS RRSRRSRS SRRl TYTTYY LARRAS _aaaaaaas _______ aaasasaa

Referring first to drawing Figure 4A, a self-expanding

nickel-titanium shape memory alloy stent 10 is confined
within a sheath 12 1n a catheter device 14 which constitutes
a transluminal delivery system for the stent 10, that has a

tapered atraumatic distal tip 16. The catheter has a sghaft 18

that defines a bore 20 for a guidewlre along which the

catheter delivery sygstem may be advanced until its distal end

zone carrying the zone 10 18 1in the desired site of stenting.

Carried on the shaft 18 at i1tg distal end zone is a distal

tip element 22 that receives an inwardly tapered end portion

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

end of the stent 10 is a pusher annulug 26 that 18 aiso a
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radiopaque marker and 1s fixed to the outside surface of the

catheter snaft element 18. When the time comeg to deploy the

self-expanding stent 10, the hoop stresses in the sheath 12

surrounding the stent 10 have fto be released, so that the

stent 10 can expand radially into the stenting site within

the bodily lumen. Conventionally, this i1g accomplished by

simply pulling the sleeve 12 proximally until it slides over

the stent 10, withdrawing proximally relative to the stent,

to release the stent progressively, starting at its distal

end, into the bodily lumen. However, with the present

invention, the stent release mechanigm is guite different, as

will now be explained with reference to Figs. 5A and 6A of

the drawings,

First looking at Fig. 6A, we see distal end 30 of the sheath

12, with a circumference that includes a short slit or “nick”

that will serve as a tearing 1nitiation point on the

circumference of the distal end 30. Extending proximally from

the tearing initiation site 32 is a line of weakness 34 that

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

and spaced from each other to provide a line of weakness

running ail the way from the tearing initiation site 32 to
the proximal end annulus ©of the sheath 12. The residual

material 38 1n the gaps between the slits 36 1s sufficient to

-t

mailntain the hoop stresseg and integrity of the sheath 12

until the moment when i1t 1s desired to release the stent by

tearing down the line of weakness by rupturing the sequence

F

of material bridges 38 between adjacent slits 36.

To accomplish this task, there ig empioved a pull element 40

"rom the

| —_—

which i1s shown in Fig. 6A extending distally away

']

end annulus 30 of the sheath 12 but which i1s 1in actual use of

T

the device folded inside the open end 42 of the sheath 12 s0

that it lies sandwiliched between the sitent 10 and the inside
surface 44 of the sheath 12, running the full length of the
stent 10 and extending further, proximally, beyvond the pusher

annulus 26. Not wvisible i1n the drawings, but nevertheless
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indicated by reference 46, 18 a ccating of hydrophilic

material on the major surfaces of the sheath 12. Not shown in
the drawings {(but those gkilled in the art will be able to

develop the details for themselvesg) is the structure of the

catheter proximal of the pushing annuius 26. The catheter

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

F

“rapid excnange” wvariety, depending on the length of the

cguidewlre lumen. There needs to be in the shaft a pushing

—d

member (conveniently a tube) to convey the endwise
compregsive stress to the pusher 26. Further, there needs to

be a pull element (conveniently a pull wire) to deliver to

the pull element 40 the necessary tensgile stresg to tear the
sheath. Conveniently, the connection between the pull wire
running the length of the catheter shaft, and the pull

element 40 that extends from proximal of the pusher annulus

-

26 to the distal end of the sheatn 12, is an annular element
that sliides on the shaft 18 and conveniently serves as a
radiopague marker oL tChe progress oL the pulling element 40

ag 1t progressesg proximally release of the stent.

Alternatively, the pull element might extend proximally the

full length of the catheter. Proximal of the stent, 1t could
be twirled into a strand with a helical trace on its
cylindrical surface, 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

gu'rer

distal portion 50 of the stent 10 already released from the

.

radially confining effect of the sheath 12, as the pull

element 40 moves proximally relative to the stent 10 lyving

radially 1nside 1t and the sheath 12 laying radially ocutside

it. This proximal progress of the pull element 40 craws 1nto

the annulus between the untorn sheath 12 and the stent 10 the

distal-mogst porxrtion of the sheath 12, that has already been

parted along the 1line of weakness 34, thereby relieasing hoop

stresses 1in the distal-most portion of the sheath 12 and
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allowing 1t to relax distally outwardly, even as it finds

itself being pulled proximally into the annulus between the

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

of the sheath 1g indicated by reference 52 in Fig. 7A. We can

already see in Fig. 7A that the sheath no longer extends all
the way to the distal end of the stent 10, precisely because

the proximal movement ©f the pull element 40 causes the

sheath to double back on itgelf, radially inwardly. It should

be remembered that the inherent gtiffness of the gheath is

remarkably low, because the PET material of which the sheath

1s formed has a high modulus of elasticity and high physical

strength so that its wall thickness can be remarkably small.

Onice the hoop stresses 1n the distal-most portion of the

sheath are relieved, this distal portion ¢©f the sheath is

remarkably compliant and amenable to the creasing and folding

that i1s going to occur when a full 360° circumference is

pulled proximally by a pull element 40 that extends around

orily a portion of that circumference adjacent to the line of

weaxness where the sheath is progregsively rupturing from its

distal end to 1ts proximal end.

By the time the tearing of the gheath has progregsed as far

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

stent will have expanded radially into position in the bodily

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

llies sandwiched between the gtent and the bodily lumen will

F"

be oniy at the zone of the gtent clogsest to its proximal end

-:

and will therefore be relatively easily withdrawn from

between the gtent and the bodily lumen, as soon as the stent
delivery gsystem as a wholie 1g pulled proximally away from the

deployed stent.

It will apparent, then, to readers skilled 1n this art that
the architecture 0f the distal end of the stent delivery

system offers possibilities to get the passing diameter of

that distal end zone down to valueg hitherto ncot obtained,

because the gheath can be made of uitra-thin material.
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Furthermore, 1t 1s possible to contemplate deployment of

extremely long stents, simply because the gheath 1s being

steadily withdrawn proximally from 1tsgs location between the

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

while that the sheath 1s belng progressively torn along the

line of weakness from its distal end te 1ts proximal end,
leaving sandwiched between the stent and the bodily lumen,

when stent deployvment is complete, a much smaller amcount of

sheath material than would be the case with for example a

sheath slitting "“cheegewire” as in EP-A-732087 ox
WO 2001/008589 that slit the sheath but do not withdraw it
proximally during the stent deployment period.

Other variations will be evident to those gskilled 1in the art.,

Specifically, the idea ¢f providing a pull element between

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

material between the two lines of weakness i1is pulled

proximally by the pull element, but not the arc on the other

gide of the diameter of the sheath, is an intermediate

embodiment between the previocusly proposed “cheesewire”

gystem in which the full circumference of the sheath

continues to lie between the expanded stent and the wall of
the bodily lumen, and the “single line of weaknesg”
embodiment shown in the present drawings, in which the full

circumference of the sheath is pulled proximally with the

pull element 40. Suppose, for example, that the pull element

40 1s a band that extends arocund a substantial part of the

circumference of the sheath, for example, halfway around the

circumference of the sheath. In such a c¢sgse, proximal

withdrawal of half the gheath material will leave for

withdrawal after stent deployment sheath material amounting

to only half ¢f the circumference, instead of the prior art

full circumference. This 18 worthwhile progress, especlially

with lengthy devices to be placed in the lumen.

Although the presently preferred material for the sheath is

PET, this does not exclude other materials. Materials
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gelection is part ©f the routine duties cof the pergon skilled

in the art when seeking to optimise stent delivery svystems.

— s

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

realising the present 1nvention involveg 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

{and with the stent or stent graft inside the PET tube lumen)

of 0.035 mm {or even less). Thoge gkilled in the art will

puild con their epeciaiilst background knowledge when

considering the above disclosures, factoring into their

conslderatiocon of the present disclosure the gpecialist

knowliedge that they have from their own experlence in this

field. Quite evidently, engineers from other corporations

P
p—

will have thelr own design history and preferred ways of

implementing the teachings set out above. The claims of Annex
A that follew seek to define the inventive concept of Annex A
and should not be seen as directed exclusively to the

i1llustrated embodiments of Figures 1A to 7A, nor should they

be seen as limited to mechanical equilvalents of features

shown in the i1illustrated embodiments.
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Claims of Annex A

Al. Delivery system for a self-expanding device for

placement 1in a bodily lumen, the system comprising a sheath

that confines the device to a radially compact delivery

dispeogslition until the device 18 to be released into the

lumen, the system being

characterised by:

an elongate pull element Lo be pulled proximally from
1ts proximal end, which pull element 1s arranged radially
inside the sgheath for pulling preferentially on a pull zone
on the circumference of the distal end of the sheath, thereby

to tear the sheath progressively along a tear line running

the length of the sheath, starting at the distal end of the

sheath, to release the device from the confining effect of

the sheath, progressively, beginning at the distal end of the

device.

A2. System as ciailmed 1n c¢laim Al, wherein the sheath has a
wall thickness and at least cne line of weakness in the wall

thicknegs that extends lengthwise, along the sheath, the line

starting at a tear initiation peint on the circumference of

the distal end of the sheath, near the pull zone.

A3. System as claimed in claim A2, with one line of weakness

only, with iteg tear initiation point circumferentially

adjacent to the pull zone.

Ad, System as cliaimed 1n claim A2, with two lines of

weakness, each with a tear i1nitiation point, the respective

two tear inilitiation pointsg lving, circumferentially, one each

side of the pull zone.

A5. System as claimed in claim A2, A3 or A4, in wnich the or

each line of weakness exhibits a iine of perforatiocons through
the wall thickness 1n the sheath.
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A6. System as claimed in any one of claims A2 to A5, in

which the or each line of weakness terminates, at the tear

initiation point, in a slit.

A7. System as claimed in any one of the preceding claims Al

to A6, wherein the distal end of the sheath tapers inwardly

to provide an inwardly tapered distal end of the system.

g—

A8. Bygstem as clailmed 1n any one of the preceding claims Al

to A7, in which the pull element is contiguous with the
sheath.

A9. System as claimed in any one of the preceding claims Al

pr—

to A8, wherein the pull element i1s a band with a width of at

least 1 mm.

Al10. System as clalmed in any one of the precedling claims Al
to A10, wherein the sheath 1s made of pceclymer that has been

uniaxially cold drawn, along the longitudinal axial direction
of the sheath.

All. System as claimed in any one of the preceding claims Al
to Al10, wherein the sheath 18 made of PET.

Al2. System as claimed in claim All, wherein the pull element
is of PET and monclithic with the sheath.

g

Al3. System as clalmed in any one of the preceding claims Al

to Al2, in which the material of the pull element is not cold

drawr.

"]

Al4. System as claimed in any one of the preceding claimg Al

to Al3, being a catheter for trans-luminal delivexry of the

device.
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Al5. System as claimed in any one of the preceding cliaims Al
to Al4d, and including a pusher that resists proximal movement

of the device, when tengion i1g impoged on the pull element.

Ale. System as claimed 1n any one of the preceding claims Al

Lo AlS5, wherein the device 1s a self-expanding stent or stent

graft.

Al7. System asg claimed in c¢laim Alé, wherelin the stent is of

a nickel-titanium shape memory alloy.

—t

Al8. A sheath for a system for delivering a self-expanding

device to a bodily lumen, the sheath serving to confine the

device radially, until the device 18 to be freed of the

sl

confining effect of the sheath, for release of the device

into the lLumen

characterised in that

CLhe sheath comprises a uniaxially drawn PET tube that

has been cold drawn along its longltudinal axis.

Al1%. Sheath as claimed in claim Al8, being part of a delivery

™
p—

sygstem as ciaimed 1n any one of claims Al to Al7.
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Claims

1. A method of loading a self-expanding stent into a

delivery sheath that 1s by itself strong encugh to preserve

the stent 1n a radially compressed pre-deployment

configuration, comprising the steps of:

1) compressing the stent to a relatively small

diameter

11) providing a loading sheath with an inner diameter
dl

11i) with the stent exhibiting an outside diameter of

d2, where d2 < dl, providing relative transiational movement

between the stent and the loading sheath, whereby the stent
1s accommedated within the lumen of the lcocading sheath;

1v) advancing the loading sheath, contalning the stent,

into the lumen of the delivery sheath; and

e

V) deploying the stent into the lumen of the delivery

sheath, by withdrawling the loading sheath while resgtraining

the gtent from axial movement cut 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,

1imposing lengthwise strain on the sheath, to draw down the

inner diameter of the deliivery gsheath to a diameter d3 which

18 less than dl.

3. Method according to claim 1 or 2, in which the delivery
sheath i1s one which can be parted along a line extending

axially the full length ¢f the stent, to aliow the stent to
push the material of the longitudinally parted sheath out of

the way, during the radial expanslion of the stent that cccurs

as the stent deploys into a bodily iumen.
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4, Method according to claim 1, 2 or 3, wherein the sheath

18 of PET.

5. Method according to any one of the preceding claims,

wherein the gheath prior to said strain has a wall thickness

of the orcer of 30um.

6 . Method according to any one of the preceding claims 1in

which the sheath exhibits a strain initiation zone from wnich
the strain spreads ocut, progresgively aiong the length of the
sheath.

7. Method according to c¢laim 6 including the step of
pogslitioning the strain initiation zone petween the opposing

ends oL the stent.

8. Method according to claim 7, wherein the strain

initiation 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

cf the length ¢of the lumen ¢f the stent.

11. Method according to c¢laim 10, 1n which said tool is

T

removed from the stent, before the step of drawing down the

sheath is completed.

12. Method according to any cone ¢©f the preceding cliaims,

inciuding 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.



CA 02720466 2010-10-01

WO 2009/135934 PCT/EP2009/055592

4 3

13. Method according to any one of the preceding claims,
- the sheath,

including a step of providing within the lumen of

prior to drawing down said sheath onto the stent, a splitter

that lieg between the stent and the drawn down sheath, which
of gplitting the sheath to

splitter i1s capable when actuated,

permit the stent to deploy.

in

R

14. Method according tc any one of the precedling cialms

which a tool is used to impose the strain on the sheath, the

tool comprising first and second sheath grippers, one to grip

each opposite end cf the sheath, bevyvond the respective end o:

the stent ingide the sheath.

i

"

15. Method according to c¢laim 14, wherein at least one of

the sheath grippers grips the sheath all arcund the

circumference of the sheath.

16. Method according to claim 15, in which at least one of

crs exhibits a high friction grip surface to contact

the gripp
the sheath, which grip surface i1is of a gilicone rubber

material.

17. Method according to any one of the preceding claims, 1n
which the gheath drawn down over the stent exhibits an

outside diameter of not more than 6 French (2mm)
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