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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date n n _ -

2 1 July 2011 (21.07.2011) W 2011/087635 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
A61F 2/90 (2006.01) A61F 2/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
A61F 2/84 (2006.01) 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,
(21) International Application Number: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

PCT/US2010/059493 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

8 December 2010 (08.12.2010) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every

(26) Publication Langi English kind of regional protection available): ARIPO (BW, GH,

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

0922456.9 22 December 2009 (22.12.2009) GB ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(71) Applicant (for all designated States except US): COOK EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
MEDICAL TECHNOLOGIES LLC [US/US]; 750 N. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Daniels Way, Bloomington, IN 47404 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).
(72) Inventors; and
(75) Inventors/Applicants (for US only): HANSEN, Palle Declarations under Rule 4.17 :

[DK/DK]; Granvej 56, Vemmedrup, DK-4632 Bjaever-
— as to applicant's entitlement to apply for and be granted

skov (DK). HENDRIKSEN, Per [DK/DK]; Paerevej 5, a patent (Rule 4.1 7(H))
Skelby, DK-4160 Herlufmagle (DK).

— as to the applicant's entitlement to claim the priority of
(74) Agent: GODLEWSKI, Richard, J.; Cook Group Patent the earlier application (Rule 4.17(Hi))

Office, P.O. Box 2269, Bloomington, IN 47402-2269
(US). Published:

(81) Designated States (unless otherwise indicated, for every — with international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM,

(54) Title: IMPLANTABLE DEVICE

0 0o Figure 1

(57) Abstract: An intracranial stent formed from Nitinol has variable flexibility. The stent (10) is formed from a plurality of stent
o rings (12) connected by tie bars (14). The tie bars (14) in a central soft zone (16) are heat treated so as to confer a higher transition

temperature on the Nitinol. As a result, at body temperature, the soft zone (16) has reduced longitudinal stiffness as compared to
the stiffer zones (18) found at the ends of the stent (10).



mplantable Device

Technical Field

The present application relates to an implantable device, such as a

stent, in particular for use as an intracranial implant or in other delicate

vessels and organs. It also relates to an introducer or catheter assembly

including an implantable device as taught herein.

Background of the Invention

Stents are used for treatment of vasculature in the human or animal

body normally to prevent or counteract an illness or a disease-induced

localised flow constriction. Surgical stents have long been known which can

be surgically implanted into a body lumen , such as in an artery, to reinforce,

support, repair or otherwise enhance the performance of the lumen. For

instance, in cardiovascular surgery it is often desirable to place a stent in the

coronary artery at a location where the artery is damaged or is susceptible to

collapse. The stent, once in place, reinforces that portion of the artery

allowing normal blood flow to occur through the artery. One form of stent

which is particularly desirable for implantation in arteries and other body

lumens is a tubular stent which is formed as a complete tubular cylinder and

can be radially expanded from a first smaller diameter to a second larger

diameter. Such radially expandable stents can be inserted into the artery by

being located on a catheter and fed internally through the arterial pathways of

the patient until the unexpanded stent is located where desired . The catheter

may be fitted with a balloon or other expansion mechanism which exerts a

rad ial pressure outwardly on the stent causing the stent to expand radially to

a larger diameter. Such expandable stents exhibit sufficient rigidity after

being expanded that they will remain expanded after the catheter has been

removed.

Stents may also be self-expanding. For example, a stent may be

formed from a shape-memory alloy such as Nitinol (nickel titanium alloy) .

Nitinol is able to transform from a Martensitic phase to an Austenitic phase by



being heated. The temperature at which this transformation occurs (the

"transition temperature" or "Austenite finish temperature") depends on the

composition of the alloy. The transition temperature can be altered by heat

treatment.

Below its transition temperature, Nitinol is in its Martensitic phase and

can be deformed into a new shape. For example, a stent may be

compressed ready for deployment. At its transition temperature, Nitinol

transforms into its Austenitic phase and reverts to its original shape. In the

case of a stent, therefore, the stent will expand from its compressed state into

its expanded state. The transition temperature of Nitinol usually used in

stents is therefore below body temperature, so that at body temperature the

stent is at a temperature above its transition temperature and the stent

expands.

Above its transition temperature, Nitinol exhibits super-elasticity.

Therefore, to remain compressed at body temperature a Nitinol stent must be

held in its compressed configuration by means of, for example, restraining

wires or some other constraining mechanism.

Narrowing of the arteries inside the skull is a significant cause of

stroke. Whilst angioplasty including stent placement is commonly carried out

in major blood vessels, special considerations need to be taken into account

for intracranial stent placement. The arteries of the brain are particularly

delicate, and tend to be considerably more tortuous than the vasculature

elsewhere in the body.

Stents are disclosed in US 6,652,576, US 6,485,507, US 6,287,336,

US 6,764,506, US 6,746,475, US 6,019,789, US 6,652,576, US 6,287,336

and US 6,485,507.

Summary of the Invention

According to a first aspect of the present invention, there is provided

an implant, wherein the implant includes at least one relatively soft zone

flanked by two relatively stiffer zones, wherein the relatively soft zone

comprises a region of the implant having reduced longitudinal stiffness



compared to the relatively stiffer zones, and wherein the relatively soft zone

and the relatively stiffer zones have substantially the same radial stiffness.

Providing a relatively soft zone having a reduced longitudinal stiffness

allows the implant to conform more easily to curvature within a tortuous

vessel. By flanking the relatively soft zone by relatively stiffer zones,

improved security of positioning of the implant within the vessel can be

achieved.

Preferably the implantable medical device includes first and second

ends and a central zone between the first and second ends, wherein the

central zone is the relatively soft zone and the relatively stiff zones are at the

first and second ends of the device, the implant being formed from a shape

memory material.

In a preferred embodiment, the implant includes a stent. However, the

implant could be any other implantable device.

In an embodiment the stent includes a plurality of stent rings

connected to each other by tie bars. The relatively soft zone may include

relatively soft tie bars and relatively stiff stent rings. This is a preferred way of

allowing reduced longitudinal stiffness whilst maintaining radial stiffness.

Preferably a relatively soft zone is located in a substantially central

region of the implant. By maintaining longitudinal stiffness towards the ends

of the implant, more secure anchoring of the implant within a vessel can be

obtained.

Preferably, the implant includes a structure formed from a shape

memory material, wherein the relatively stiffer zones include a shape memory

material having a transition temperature below normal body temperature, and

wherein the relatively soft zone includes a shape memory material having a

transition temperature above normal body temperature.

Preferably the relatively soft zones are able to deform plastically in use.

In the preferred embodiment, the implant is a stent including a plurality

of stent rings connected to each other longitudinally by tie bars, wherein the

tie bars of the relatively soft zone have a transition temperature above normal



body temperature, and wherein the stent ring or stent rings of the relatively

soft zone have a transition temperature below normal body temperature. This

allows reduced longitudinal stiffness within the relatively soft zone whilst

maintaining radial stiffness.

The tie bars in the relatively soft zone may have a transition

temperature of at least 40°C. In the preferred embodiment the transition

temperature is approximately 50°C. Preferably, the tie bars in the relatively

stiffer zone have a transition temperature of approximately 25°C.

A relatively stiffer zone may be located at each end of the implant.

This assists with secure positioning of the implant within a vessel. Each

relatively stiffer zone preferably includes at least two stent rings. In an

embodiment, each relatively stiffer zone may include up to five stent rings, for

example.

Each relatively stiffer zone may comprise 10 to 20% of the length of

the implant. In an embodiment, each stiffer zone may comprise 10 to 15% of

the length of the implant.

According to a second aspect of the present invention there is provided

an introducer having an implant as described above loaded thereon.

According to a third aspect of the present invention there is provided a

method of making an implant including at least one relatively soft zone

flanked by two relatively stiffer zones, wherein the relatively soft zone

comprises a region of the implant having reduced longitudinal stiffness as

compared to the relatively stiffer zones, and wherein the relatively soft zone

and the relatively stiffer zones have substantially the same radial stiffness, the

method including: (a) providing an implant including a structure formed from a

shape memory material having a transition temperature below normal body

temperature; and (b) heat treating a portion of the implant to form the

relatively soft zone.

Preferably the implant is a stent including a plurality of stent rings

connected to each other by tie bars, and the tie bars in the relatively soft zone

are heat treated to raise their transition temperature to above normal body



temperature.

Brief Description of the Drawings

Preferred embodiments of the present invention are described below

by way of example only, with reference to the accompanying drawings, in

which:

Figure 1 shows a side view of an embodiment of a stent;

Figure 2 illustrates the return force at different temperatures of different

parts of the stent of Figure 1;

Figure 3 illustrates the stent of Figure 1 located within a curved vessel;

and

Figure 4 illustrates the stent of Figure 1 loaded onto a deployment

device.

Detailed Description

It is to be understood that the Figures are schematic and do not show

the various components to their actual scale. In many instances, the Figures

show scaled up components to assist the reader.

In this description, when referring to an introducer or a deployment

assembly, the term distal is used to refer to an end of a component which in

use is furthest from the surgeon during the medical procedure, including

within a patient. The term proximal is used to refer to an end of a component

closest to the surgeon and in practice in or adjacent an external manipulation

part of the deployment or treatment apparatus.

On the other hand, when referring to an implant such as a stent or

stent graft, the term proximal refers to a location that in use is closest to the

patient's heart, in the case of a vascular implant, and the term distal refers to

a location furthest from the patient's heart.

Figure 1 illustrates an intracranial stent in accordance with a preferred

embodiment of the present invention. The stent 0 is formed from a series of

Nitinol stent rings 12, in this example there being ten stent rings 12 forming

the stent 10. Each stent ring 12 is joined to an adjacent stent ring 12 by

means of tie bars 14.



The stent 0 comprises a relatively "soft" zone 16 made up of, in this

example, six stent rings 12. This is located between two relatively "stiffer"

zones 18 each made up of two stent rings 12 in this embodiment. Each

"stiffer" zone 18 is located at an end of the stent 10.

In this embodiment, the stent rings 12 are all formed from Nitinol

having a transition temperature of approximately 25°C. As such, the Nitinol of

the stent rings 12 is in its Martensitic phase at room temperature, allowing the

stent 0 easily to be compressed for deployment and for the stent to retain its

compressed configuration. At normal body temperature (approximately

36.8°C) the Nitinol of the stent rings 12 is above its transition temperature,

and is thus in its Austenitic phase. This allows the stent rings 12 to expand

when the stent 10 is exposed to normal body temperature and to become

biased to return to their shape memory configuration. Once any restraining

mechanism, such as restraining wires and/or a sheath, has been removed the

stent rings 12 can revert to their expanded state. As a result of this phase

transition these parts of the stent exhibit an increased stiffness compared to

the characteristics of the stent when it is in its Martenistic phase, in which it is

very pliable and thus "soft".

The tie bars 14b located in the "soft" zone 16 are made from Nitinol

having a transition temperature of approximately 50°C (in practice treated to

have a higher transition temperature as described below). This is higher than

normal body temperature, and so even once the stent 10 has been deployed,

the Nitinol of the tie bars 14b in the "soft" zone 16 remains in its Martensitic

phase and can thus be stably deformed. By contrast, the tie bars 14a found

in the "stiffer" zones 18 are made from Nitinol having a transition temperature

equal to that of the stent rings 12.

Figure 2 illustrates the effect of this. Plot 26 illustrates the return force

experienced by Nitinol having a transition temperature of approximately 50°C

(as used in the tie bars 14b found in the "soft" zone 16). Plot 28 illustrates the

return force experienced by Nitinol having a transition temperature of 25°C

(as utilised in the tie bars 14a in the "stiffer" zones 18). It can be seen that at



normal body temperature, there is a difference in the return force of the

Nitinol tie bars 14 in the different zones 16, 18 of the stent 10. As a result,

the soft zone 16 of the stent 10 is able more easily to conform to the curves of

the tortuous brain vasculature. Advantageously, the stent rings 12, even in

the soft zone 16, are made from Nitinol having a transition temperature below

body temperature in order that the stent 0 retains its radial stiffness in the

soft zone 16 so as to provide effective opening of stenosed blood vessels.

From the above it can therefore be seen that the "stiffer" zone 18

exhibits both longitudinal and radial stiffness, whereas the "soft" zone 16

retains radial stiffness substantially equal to that of the "stiffer" zone, but a

reduced longitudinal stiffness. The effect of this is that the stent 0 provides

a suitable radial force on the walls of a vessel along its entire length.

However, the "soft" zone 16 is more easily able to conform to tortuous

curvature of a vessel (see Figure 3).

It is preferred that a "stiffer" region 18 is provided at each end of the

stent. This assists with secure location of the stent 10 within the vasculature

thereby helping to prevent unwanted migration. As illustrated in Figure 3 , in

this example the "stiffer" zone 18 is located in a relatively straight region of

the vasculature, because reduced longitudinal stiffness confers little

advantage to a region of a stent 0 located within relatively straight

vasculature. This assists in providing secure positioning of the stent 10. The

skilled person will appreciate that in a preferred embodiment, the "stiffer"

zones 18 are relatively short and are dimensioned to fit properly within a

vessel to provide secure anchoring. Preferably the "stiffer" zones 8 are not

so long as to affect the curvature of the vessel within which the stent has

been placed.

The stent 10 is assembled in a conventional manner. In order to

create the "soft" zone 16, the tie bars 14b of the "soft" zone 16 are heat

treated. Localised heat treating of the tie bars 14b of the "soft" zone 16 may

be achieved by any suitable method. The skilled person will appreciate that

there are many suitable methods. For example, electrical resistance heating



or laser treatment may be used. Further methods include applying a heated

inert gas jet or use of an induction coil. Treatment may be carried out at a

temperature of about 550°C to about 600°C for about 5 minutes to 20

minutes, for example. The precise conditions will depend on the material in

question and can be readily determined by the skilled person.

As can be seen in Figure 3 , the tie bars b of the soft zone 16, are

able to deform plastically (following curvature of the vessel) to allow the stent

10 to curve along its longitudinal axis. However, as the stent rings 12 are

above their transition temperature, they will regain their Austenite phase and

press outwardly again against the vessel walls. In this way, the stent 10 rings

12 keep the vessel's patency yet ensure that no strain is imparted to the

vessel wall in a longitudinal direction.

There may be any suitable number of soft zones 16 and stiffer zones

8 . Furthermore, their relative lengths may be altered to suit different

purposes. The stiffer end sections 18 are of a dimension to keep the ends of

the stent 0 properly aligned in the vessel and maintained in position. For

this purpose, the stiffer end sections 18 are preferably of sufficient length to

maintain their orientation in the vessel. For this purpose, each stiffer end

section 18 is preferably formed of at least two stent rings 12 connected by tie

bars 14a in the same Austenite phase at body temperature as the stent rings.

It has been found that any number from two to five stent rings 12 (for

example, two, three, four or five stent rings 12) per end section 18 provides

the optimum end stability and retention with optimal stent flexibility.

The stent 0 might be 40mm in length and have a 30 mm central soft

zone 16 flanked by two 5mm stiffer zones 18. Preferably, however, each

stiffer zone 18 comprises 10 to 20% or 10 to 15% of the length of the stent

10 .

In use, the stent 10 is compressed whilst the Nitinol of all parts of the

stent 0 is in its Martensitic phase (at room temperature). Figure 4 illustrates

the compressed stent 10 mounted on a deployment device 30 and covered by

a sheath 32. The deployment device is used to deliver the stent 10 to its



desired deployment location. The stent 0 is exposed to normal body

temperature, which, once the sheath 32 has been withdrawn, causes the

stent rings 12 and the tie bars 14 of the hard zones 18 to transform to their

original (non-compressed) shape. The Nitinol of the tie bars 14b of the soft

zone 16 remains in its Martensitic phase. The tie bars 14b of the soft zone 16

thus remain very flexible at body temperature.

In the above-described embodiment, the Nitinol of the stent rings 12 of

the stiffer zone 18 and the soft zone 16 has the same transition temperature

and the stent rings 12 thus exhibit the same radial expansion force. However,

in alternative embodiments it may be desirable to vary the radial stiffness of

the stent rings of different zones.

Many other modifications may be made to the above-described

embodiment. In certain embodiments, it might be desirable to flank the stiffer

zones 18 with a further soft zone 16 such that the very ends of the stent 6

are soft. This could help to prevent restenosis.

Although preferred embodiments of this invention have been

particularly described with reference to a stent, the skilled person will

appreciate that the principles described herein could apply equally to other

implantable medical devices such as stent grafts, occlusion devices, or filters,

for example.

What has been described and illustrated herein is a preferred

embodiment of the invention along with some of its variations. The terms,

descriptions and Figures used herein are set forth by way of illustration only

and are not meant as limitations. Those skilled in the art will recognize that

many variations are possible within the spirit and scope of the invention,

which is intended to be defined by the following claims, and their equivalents,

in which all terms are meant in their broadest reasonable sense unless

otherwise indicated.

The features of the various embodiments described above and their

modifications may be substituted for or combined with one another as

desired. It is also to be understood that the various features of the dependent



claims appended hereto may be used with one another in any desired

combination of those claims.

The disclosures in UK patent application GB 0922456.9, from which

the present application claims priority, and in the accompanying abstract are

incorporated herein by reference.



CLAIMS

1. An implant, wherein the implant includes at least one relatively soft

zone flanked by two relatively stiffer zones, wherein the relatively soft zone

comprises a region of the implant having reduced longitudinal stiffness as

5 compared to the relatively stiffer zones, and wherein the relatively soft zone

and the relatively stiffer zones have substantially the same radial stiffness.

2 . An implant as claimed in claim 1, wherein the implant includes a stent.

3 . An implant as claimed in claim 2 , wherein the stent includes a plurality

of stent rings connected to each other by tie bars, wherein the relatively soft

0 zone includes relatively soft tie bars and relatively stiff stent rings.

4 . An implant as claimed in claim , 2 or 3 , wherein a relatively soft zone

is located in a substantially central region of the implant.

5 . An implant as claimed in any preceding claim, wherein the implant

includes a structure formed from a shape memory material, wherein the

5 relatively stiffer zones include a shape memory material having a transition

temperature below normal body temperature, and wherein the relatively soft

zone includes a shape memory material having a transition temperature

above normal body temperature.

6 . An implant as claimed in claim 5 , wherein the implant is a stent

o including a plurality of stent rings connected to each other longitudinally by tie

bars, wherein the tie bars of the relatively soft zone have a transition

temperature above normal body temperature, and wherein the stent ring or

stent rings of the relatively soft zone have a transition temperature below

normal body temperature.

5 7 . An implant as claimed in claim 6 , wherein the tie bars in the relatively

soft zone have a transition temperature of at least 40 °C.

8 . An implant as claimed in claim 7 , wherein the tie bars in the relatively

soft zone have a transition temperature of approximately 50 °C.

9 . An implant as claimed in claim 7 , wherein the tie bars in the relatively

o stiffer zone have a transition temperature of approximately 25 °C.

10 . An implant as claimed in any preceding claim, wherein a relatively



stiffer zone is located at each end of the implant.

11. An implant as claimed in claim 0 , wherein each relatively stiffer zone

located at the ends of the implant includes at least two stent rings.

2 . An implant as claimed in claim 0 , wherein each relatively stiffer zone

5 located at the ends of the implant includes up to five stent rings.

13. An implant as claimed in claim 10, 11 or 12, wherein the relatively

stiffer zones each comprise 10 to 20% of the length of the implant.

14. An implant as claimed in claim 12, wherein the relatively stiffer zones

each comprise 10 to 15% of the length of the implant.

i o 15. An implant as claimed in any preceding claim, wherein the implant is

an intracranial implant.

16. An implant as claimed in any preceding claim, wherein the implant is

an intracranial stent.

17 . An introducer having an implant as claimed in any preceding claim

1 5 loaded thereon.

18 . A method of making an implant including at least one relatively soft

zone flanked by two relatively stiffer zones, wherein the relatively soft zone

comprises a region of the implant having reduced longitudinal stiffness as

compared to the relatively stiffer zones, and wherein the relatively soft zone

2 o and the relatively stiffer zones have substantially the same radial stiffness, the

method including:

(a) providing an implant including a structure formed from a shape

memory material having a transition temperature below normal body

temperature; and

2 5 (b) heat treating a portion of the implant to form the relatively soft

zone.

19. A method as claimed in claim 18, wherein the implant is a stent

including a plurality of stent rings connected to each other by tie bars, and

wherein the tie bars in the relatively soft zone are heat treated to raise their

o transition temperature to above normal body temperature.
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