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MEDICAL DEVICES INCLUDING SHAPE MEMORY

MATERIALS

CROSS-REFERENCE TO RELATED APPLICATIONS

i applivation claums priarity 1o LS. Application Serial N, 11/403,615,

13, 2006, the entive contents of whdch is herehy incorporated by

TECHNICAL FIELD

The wnvention relates o medical devices, such as catheters, including shape

BACKGROUND

Getravascolar medival devices sach as, for example, guide wires, vatheters, and

medical tehing, alfow physicians to perform a medica! procedure, such

In some cases, @ device is insorted it a patient's vaseular
system at & convenient site and subsequently delivered, e.g., pushed, through t

)

vasular avston 1o a target site, The path that the device takes trough

atively tortuons, for oxample, reguiving i

froguontiy.

stances, i ix desirable for the device to have relatively good

S

)

ability so that #t can wavet along the tortyous path. At the same Hme, the device

< .

v

sreferahiy has good pushabitity so that forces applied proximally to the device can b
sransynitied distally to deliver the device.
SUMMARY
fon vnes et ol do ided that hay r more sections
I one aspect, medicad devices are provided that have one or more sections
include o shape memiary polymaer. The shape memory polymer fas @ condactive
layer on portions thereof, The portions of shape memory polymer that av
§ 1 ¢ oy gdenesrit v d
conduetive laver thercon can be activated by energlzing (e.g., appiving clectnical

s heat to) the conductive layver, at which point these portions can change

shape, while the remainder of the shape memory polymer is pnactivaied and remaies
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L TA, taken slong Hne TB-78; and FIG 7C 18 & cross-sectional view

74, with the shape memory polvmer in g sooond state.

FIG A o detsided, cross-sectional view of an embodiment of a catheter

including g shape memory polvmer in g frs e and FRG &8 13 2 cross-seciional
5 view af the eatheter of FIG SA, with the shape memory polymer in & second stale,

&

FHI G4 s a dulaled, aross-sectional view of an embodiment of a cathetar

&, with the shape memory polymer in a sceond state

WA UAs 8 dotsinds goss-secttonal view of an embodiment of & catheler

10 Pl
Vigw i 10A, with the s}wpc MCKHY polvmer in a scond state.
I are crossssections! views of an embodiment of a
use in & body vessel,
17 13 fow chart of an embodiment of & method for impariing shape
merpories info & shape wamory materiall

DETAILED DESCRIFPTION
The invention Satures structurcs that have one or more portions inoluding a

selectively sctivated to assume cug o more

b
s
g

5. 1A and 1B, a shape memory polymer

{as shown, a sleeve 1) includes a twbular member ¥ and & condective layer or coating
4 to an oxterior fivst portion 3 of the tobuler mewber Tubula

., 18 formed of) 2 shape memory polymer {e.8.,

echitd

¢ of transitioning from a frst shape to a seeond,

3 p\,mwim\‘ shape upon sxposies o & stimulus, such as heat. Tubular member ¥
frther tnelndes # second portion 2 and o third portion 6 on which conductive fayur 4
is not aoplied, Conductive layer 4 is connected by wires 8 o an enorgy sparce 5 {sueh
a% & vonstant o} that ks capable of delivering energy to the songustive
@ f F e gen ~ g }( i i i1 Farn o hent frat
SNNFEY IR Laba h SR IR T “c\!!iL{ i.,(mdut.i l‘ &r "‘i’,, WLICD :A}. DI OO0 N8El 1S
R £ o
0 Crgbuiar member O to change the shape memory pobymes fron

A1 to the second shape (FIG 1B}, Sceond portion 2 and this

tve iax.,i 4, do nod substan miﬁy‘ change in \*;\, Thus,
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sotively, and one or miove portions that does not change

o

shape. By applyving conductive layer 4 o predetenmined portions, various

sf:mLigt‘si"iiim@s can be preated to achieve a vartety of parposes. As ik ad below,

¢ 1, van be applied to medical devices to enhance the
peﬁz*ﬁ:s‘s‘:smmtﬁ ot the devices. For example, the shape memory polymer structures can

N z?‘ﬁ devices for ca 'h{.iCI\ i steert Q g gohanisnms for steering

{;.

y 30 mcluding sleave 1) which

tvely change the stithhess of the balloon cathetear,

&

BUFVES B8R § ORI

{{z

gter A8 includes an ower member 60, an nner member 82 at leasy

31l &3
Fadiomt oat

~rnember, and an expandable balloon 63 carmed by

As shicwn, steeve 1 s secured o outey member 6
{e.g., by laser bonding or adhestve bonding) proximally of balloon 83 and between

80, 52, Sleeve 1 can in cortain embodiments have a

%

= 1o onm an haterference it within ouler member 60 and not

o

reguive bonding o the ooter neimber 60, Conductive laver 4 of slecve Tis man

A&

with energy source § {uot shown} by wares {nol shown).

wily between the ¢oand Inner menthers 68, 62 andior

~

bo embesided in one or both of the outer and inner members 60, 62,

Slegve § s capable of changing from a first shape 10 8 second sipe to change

con catheter 500 More speui;ga& v, referrimg to FEG 2B s i‘ir;x:i;

1 shutls an itertor surface

o8 not contact fnmer mamber 62, Ouder and me

sre uneoupied, and balloon catheter 3 el

B NebreEivre Y 8
ucﬁcnmn to PR 2C S UPOR exy }\)s-.ghu eonduetive laver 4 o

o a second,

¢ polviner of first portion 3 chang

ne in which the polymer reduces in diameter wntil an enior

x L3eer 3 Py d Finner cathaler 62
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. polyvinyipyrrotidone, polvesters, d{:gmdab‘saip{}i}-‘m ors, polyuster amides,

R T ERYeT E 23 h
S, PIDCATDORANS

sene smbodiments, palymerio w

sy example, selected fom polynorbomene,

e, polvenes, nylons, polvevelooctene (PO}, blends of PCO and

ne rubber, polyvinyl acetate/polveinvitdinefivoride {(PVAFYVDFY,
sethyimethaendate (PMMA)L polvurethanes, styrene-

5, trans-isoprene, biends of polveaprolactons and

In zome erabodiments, the frst temperatare is aboat room tomperatare {eog.,
. or from about 1890 {0 about 21 °C), the seeond

DI

37 % to about 55 °C {e.g., from ahont 42 7C to about 30

alyrers can bave an elastic modolus of about 60000 or 70000 p

.., Trom about 100,000 to about 230,808 gvmorg,

o

SO0 o showt

00,000 ar more, o.g., from abowt

Mulit-Shape Memory Polymers

in cerlain eimbodiments, the shape memory polymer 18 capabic of storing

mudiipie shapes within ity memery, e.g., three, four, five, six or more different shapes.
For mxample, o shepe memory polymer that is capable of storing three shapes can

dstinet seements, each having a different transitional temperature. In

£

sorne embodiments, such gs that tHustrated in B 12, the polymeric material 342 of

Tia

the shape memory polymer can include g hard segment (1) and two distinet sof

3

(S and 831, wherein each segment has a different transitiona tempensture,

Ry) wan huve 8 T lower {eg., atfea

S at least 18 S aboy

v abve Tires O
e dviatensd or
Lo WA LIS
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¢ shape memory polvmer {step 50%) sleeve i a speond

\

o of the fivst soft segment {83, but above that of the

s with

3

res can abso be used,

wr heats only the portion of the shape memory

5

contacts {and, to a lesser extent, portions nmediately adijacem

-

10 the point of contact). Energy is provided to the conductive fayer o heat the eoated

w

i e shape memory polymer above T, of the sseond soff segraent (833, at

the coated portions change from the first shape to the second shape, e.g.,

wation, Pusther pmudmr energy o the vonductive laver heals the

partions above T of the first soft segment {S4) and couses the shape memaory
18 polvmer 0 fransition from the second \hdm to the third shape, e.g., 2 locked

yatton which provides channels for Tongituding Suid flow.

1 other embodiments, a pi}i‘vﬁ"\“" blend of a fisst multiblock copolvmer and &

ol eopoivy The fivst udtiblock co-gmiy‘nwr

“

wrd segment (M) with a refatively lngh transition « wh S8

Hon femperatuie or melting tomiperatore,

The seeend multiblock copoly

WG IO SN SR
POLGUIVELY W

v} 88 1 the fiest

FRTHER L e

sl copolviner Since the sofl segments (8 1

k]

polviners are identicad, the polyimers are miseible i cach other. The

28 se fransilion temperaturss, one for the hand scgment {H ) of the
ok vopadymey, one for hard seg LY of the second multiblock
o soft segment (84}
atn enrbodiments, the first temperature 1s from about 40 °C o
“C{eg, rom about 55 °C © sbout 70 °C), the second temperature is from about 37 °C
3¢ o aboul 390 (g, from about 42 °C to about 30 7CH, and the third temperuture 8 8

evgture fog, from aboot 15 7°C o abowt

ot
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A mnber of embodiments have been deseribed, but the invention 18 not so

For example, in onibodiments having more than one discrete SMP portion
with & vonductive fayver thereon, the conduetive tavers can sach have Indepenidon,

idividualiy-addressable wires attached to them to provide the energy for acivating

et

Ure shape memory polyimer over which the conductive layer resides. Alternstively or
addiftonatly, wuliiple conductive layers can he interconnected by thin sivdps of

@ set of wires can energize muihiple conductive
SN A SRERT ORI

by

ey, sighs, oy

hen the mechanism 16 in 8 locked configuratiog, permit

et the other. Alternatively or additionally, the

e configured 1o expand owtwardly over less than the il eircumierence

els or other ocations for fluid to pass.

e, while i some ambodiments the shupe nwmory p

v fransverse cross-section that s oireuls YR IRy

jte iranwverse cross-section 8 non-circular, For example, the SMP

o

i Himtyeral ¢ : N ETE YR v der STONVIY N ¥ N
atvustare ean b elliptical or pobvgondd, eg., square, pentagonal, hexagonal oy

ted

Simitarly, the post-activated transverse cross-section of the activated

T

norton of the shape menwory polvner structure san be non-cireular {e.g., siliptical or

zﬂA

sodiments the wall of the shape memory polymer strachure

Rty 1y eveve
Winle in some e

1

s some embodiments, the wall includes more than une

3 S or 7 lavers. Bach layer may be made of the same matenial or vu

INE T S AP Sreaetivnd Yy Boaadal
While some structures have beon shown that have & longindinally constan

krsesa, in some embodiments, the wall thickness is longitudia ally nons

31 thickness improves lateval flexibility which snables the

ered through lumens and cavities with high curvatare
tures have been shown that have a transversely

s, the wall thickness is fransversely pon-etngtant.

While the shape memory polymer that are described above avg activated by

ertain embodiments, other forms of energy, 2.8, hight &

it

o
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ate the shape memory polymer. Where such is the case, the

vill conduct the altermate form of encrgy or will convert energy

S

widizd to the conductive fayer into the alternate form of energy.

¢ the shape memery polymer-containing slernents

5 the shape memory polymer need not be in the form or shape of s shesve, 2
v a part of a sleeve,
mer structure can include one or more o
conductive layer. For example, an SMPE sfructure (3
¢ catheters desontbed above) can have a Sirst side couted
a second, {';pp{.s:s*ing side coated with & second

[£2]

conductive flaven The first and second conductive lavers can be seloctively activated

structure from g first shape to a second shape, and back from the

onta are within the scope of the following clams.

28
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al divice comprisi

a1 A ¥
SRS TSH y'\ ?‘{\\*\E}‘EML’Q: \J,ﬁ&.

aaterial on at feast a portion of the shape memery polymer,

wherein the conductive matorial is not a shape memory material,

2. The deviee of cladm 1, wherein the conductive material i3 configured fo

setivate Joas than sof thes Emym memory polymer.

claim 1, wherein the conductive material s oonfigured

-
v
2
3
-

i
o
75
e
A
&

/.J

Py
"

o,

Py

settvate less thas 30% of the shape memory polyvmen

40 Vhedevice of claam 1, whersin the conductive material oxiends along an

AR m 1, wherein the conductive material extends sround a
parimsieor of & structore comprising the shape memory polymer.

1 b, whersin conductive matertal iz selecied from the

&, Vhe device of ks

of metals, allovs, coramics, and graphite.

he devige of clatm |, wherein the conductive materdal is selected frow

P oold, silver, platinum, tungsten, stamless steel, an alloy of

wr, an alioy of platimen, an alloy of tungsten, and combinations

thereot
§ The device of claim 1, wherein the shape memory polymer comprises o
polyrer that i selected from the group consisting of natural polymers, zolfa, casun,

1 albennin, collagen, polyssccharides, polyh:

tois, aluinate, dextran, cellulose, collagen, synthetic puly

s, poly{vinst ale imis}? oolyarnides, polvacrvistes, polvalkviencs,

R

3

nolvaerylamides, polyvatkylene glyeols, polvalicylene extdes, polyalkylene

“3
EA

e
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The devics of cm 1, wheren the shape memory polymer comprises a

> second paﬁim’g, wherein the conductive materis

povtion, and a strip betweun the first and tird portions.

i 1, wheres

vooiredar i rankverse cross-section at a first tem perature and

19, The device of claim 1, wherein the shape memory pobyner has & frst

L
i IR

=9

surface, and the conductive material i on the fisst and second

200 A catheter aving g distal portion comprising a shape memory polvmsr

£ - v

¢ af least g portion of & surface of the shape memory

~
A st

laim 21, wherein the shape memory polymer is

sortion of the catheter to & second shape diffe

B3

ccond predetermined lemperature,

¢ vatheter of claim 20, wherein the conductive ma

spolymer that extends fongiudinall

SHAPHE TTLSTIR

¥

1 ondy a portion of the catheter,
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The catheter of clalm 23, wheren the conductive material extonds

craanierentially arpand no more than 309 of the catheter.

R "§" o

25, The catheter of cladm 24, wheretn the shape menory polymer is coated

sy biieees ond v
O 8 SLTTBE Ol e

iistal portion of the catheter,

26, The catheter of olaim 23, wherein the shape memory polymer i

B substantistly straight longitudinally at a {irst temperature and 1o fold

e corrugations at a second temperature,

s 53
s

structure located betweon the outer and inner menthers, the siruchws

 RER

comprising g shape memory polvmer and a conduetive meterial on the shape memory

R

"i

o catheter of olaim 2

7. wherein the structure is configured o be

he outer member or the froer member at @ frst tomperatire, and

spaced frow one of

7
-~

to corstaot both the inner snd outer members al @ second tomperature

stheter of clajm 27, whereln the conductive menther i commected
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FIG. 7A
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SMP HAVING A

¢ 506
MOLD IN FORM OF | /

BELOW Tirane OF 54 (AND H)

COMPRESS INTO
FORM OF SHAPEy 7

1

512

COOL TO TEMP, BELOW Trans
OF 5

¥ .
COMPRESS INTO FORM | 214

QF SHAPE, —
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