US007749585B2

(12) Ulllted States Patent

(10) Patent N0.:

Zamore
(54)

(76)
(*)

(45) Date of Patent:

Jul. 6, 2010

REDUCED PROFILE MEDICAL BALLOON

3,871,908 A

3/1975 Spoor et a1.

ELEMENT

3,911,202 A
4,013,806 A

10/1975 Stine et al.
3/1977 Volkert et a1.

Inventor:

Alan Zamore, 600 Chestnut Ridge Rd.,

4,025,407 A

5/1977 Chang et a1,

Chestnut Rldges NY (Us) 10977

4,065,589 A

12/1977 Lenard et a1.

Notice:

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 1758 days.

(Continued)

(21) Appl_ No‘: 10/688’292
(22)

US 7,749,585 B2

Filed:

FOREIGN PATENT DOCUMENTS

Oct. 17, 2003

(65)

CA

901410

“972

Prior Publication Data

US 2004/0093008 A1

May 13, 2004

(Continued)

Related US. Application Data

OTHER PUBLICATIONS

(63) continuation_in_pan of application NO 09/5 5835 5’

“Radiation Crosslinked Thermoplastic Polyurethane,” International

?led OnApn 26 2000 HOW Pat‘ NO_ 6 656 550 which

Polymer Science and Technology, vol. 19,No. 1, pp. T/6-T/9 (1992).

is a continuation-in-part of application No. 08/947,

P -

000, ?led On Oct. 8, 1997, noW Pat. NO. 6,596,818,

Which is a continuation-in-part of application No.

E

-

iM

Wary “mm”

(57)

-

Omque

RJ

k

ac Son

ABSTRACT

08/727,145, ?led on Oct. 8, 1996, noW Pat. No. 5,900,
444.

(60)
51

Provisional application No, 60/420,735, ?led on Oct
247 2002'
Int. Cl .

B29D 23/00

Medical dilatation balloons comprise a polymer that has the
attribute of memory, and/ or is crosslinked to impart memory.
Such balloons exhibit a reduced tendency to overin?ate at
h'gh'?'
1
1n at1on p ressures. P urth ermore, suc hbll
a oons W h en

(2006.01)

shrunk radially by the application of heat While restraining

(52)

us. Cl. ................ .. 428/351; 428/349; 428/3692;

axial shrinkage, exhibit customizable linear or non-linear

(58)

Field of Classi?cation Search ..................... .. None

604/ 192; 604/194
See application ?le for Complete Search history
_

(56)

References Clted
US. PATENT DOCUMENTS
3,616,364
3,642,964
3,658,670
3,674,743
3,719,539

A
A
A
A
A

10/1971
2/1972
4/1972
7/1972
3/1973

D’Alelio
Rausch, Jr. et al.
Holicky et a1.
Verdol et a1.
Lamb et a1.

compliance curves and loWer crosslinking pro?le relative to
the Same balloon When unshrunk- Also disclosed is an expan

sive element Within a tube Whose outer diameter is equal to
the outer diameter of the tube from Which it Was made. In

addition, disclosed are (a) processes for preparing crosslink
able polymers, (b) joining crosslinked balloons to catheter
systems, (c) forming shrunk balloon elements, and (d) form
ing an expansive element Within a tube Who se outer diameter
is equal to the outer diameter of the tube from Which it Was

made.

25 Claims, 8 Drawing Sheets

mmrmlm

Qwlink m.

mm M; mu. MM
Apply "at .6 mm

Su'mh m1 aw

Kemm Eudl

Awly HA“
lldiA m m “.1

Shnnhn
shrunken new.

US 7,749,585 B2
Page 2
US. PATENT DOCUMENTS
4,101,699
4,133,731
4,151,057
4,154,244
4,254,774
4,255,552
4,264,658
4,266,005

7/1978
1/1979
4/1979
5/1979
3/1981
3/1981
4/1981
5/1981

Stine et a1.
Hansen etal.
St. Clair et a1.
Becker et a1.
Boretos
Schollenberger et a1.
Tobiasetal
Nakamuraetal

4,275,180 A

6/1981

Clarke ...................... .. 525/173

4,289,682 A
4,323,071 A
4,331,697 A

9/1981 Peters
4/1982 Simpson et al.
5/1982 Kudo et al.

4,331,786
4332920
4,342,793
4,358,354
4385635
4,413,989
4,443,588

A
A
A
A
A
A
A
A

A
A

A
A
A
A
A
4,444,816 A

4,467,002 A

5/1982
6/1982
8/1982
11/1982
5/1983
11/1983
4/1984

Foyet a1.
Foy etal

Skinner et al.
Iidaetal.
Ruiz
Schejeldahl et al.
Fukudaet a1.
4/1984 Richards et al.
8/1984 Crofts ..................... .. 428/349

4,990,155
4,994,032
4,994,071
RE33’561
5,007,926
5,019,090
5,035,706
5,041,126
5,059,211
5,061,275

A
A
A
E
A
A
A
A
A
A

2/1991
2/1991
2/1991
3/1991
4/1991
5/1991
7/1991
8/199l
10/1991
10/1991

Wilkoff
Sugiyama et a1.
MacGregor
Levy
Derbyshire
Pinchuk
Gianturco etal.
Gianmrco
Stacketal.
Wallsten etal.

5,064,435 A

l1/199l

Porter

5,078,726 A
5,084,529 A
5,089,006 A

1/1992 Kreamer
V1992 Crano
2/1992 Stiles

5,092,841
5,092,877
5,104,399
5,104,404
5,108,415
5,108,416
5,108,417

3/1992
3/1992
4/1992
4/1992
4/1992
4/1992
4/1992

A
A
A
A
A
A
A

5,109,097 A

4/1992 Klun et a1‘

5,116,309 A

5/1992 C011

5/1992 Hillstead

4,490,421 A

12/1984 Levy

5,116,318 A

4,552,815 A

11/1985 Dreher et al.

5,116,360 A

4,563,181
4,567,083
4,580,568
4,607,084
4,608,984
4,649,922
4,654,233
4,655,771

A
A
A
A
A
A
A
A

4,675,361 A
4,681,110
4,687,689
4,705,517
4,733,665
4740207

A
A
A
A
A

4,760,849 A
4,762,884
4,776,337
4,786,556
4,795,458
4,800,882
4,820,270
4,820,782

A
A
A
A
A
A
A

4,822,361 A

4,830,003
RE32983
4,856,516
4,871,811
4,877,030
4,884,573
4,886,062
4,886,506
4,897,433
4,898,591
4,906,244
4907336
4,913,141
4,917,667
4,922,905
4,923,464
4,938,676
4,948,859
4,950,239
4,950,257
4,952,357
4,954,126
4,964,853
4,969,890
4,990,151

A
E
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

1/1986
1/1986
4/1986
8/1986
9/1986
3/1987
3/1987
4/1987

Wijayarathnaet a1.
Ariokaetal.
Gianturco
Morris
Fogarty
Wiktor
GrantetaL
Wallsten

6/1987 WarCLJr
7/1987
8/1987
11/1987
3/1988
4/1988

Wiktor
YaZakiet a1.
DiPisa, Jr.
P9191112
Kreamer

8/1988 Kropf
8/1988
10/1988
11/1988
V1989
V1989
4/1989
4/1989

Goyert er 91PalmaZ
Hu etal.
Regan
Gianfurco
Hardcastle et al.
Ueno

4/1989 Okitaet a1. ............ .. 623/23.71

5/1989
7/1989
8/1989
10/1989
10/1989
12/1989
12/1989
12/1989
1/1990
2/1990
3/1990
3/1990
4/1990
4/1990
5/1990
5/1990
7/1990
8/1990
8/1990
8/1990
8/1990
9/1990
10/1990
11/1990
2/1991

Wolffet al.
Levy
Hillstead
Gakuet 91Becketal.
Wijayetal
Wiktor
Lovegren
Sugo et al.
Jang et a1.
Pinchuk et al.
Gianfurco
Hillstead
Jackson
strecker
DiPisa, Jr.
Jackowski et al.
150110156491
Gahara er 91Hibbs er a1~
Euteneuer
Wallsten
Sugiyama et a1.
Sugita et al.
Wallsten

Spears
Pinchuk
Lazarus
Wolff
Pinchuketal.
Ryan et 31‘
Sawyer

5,116,652
5,122,154
5,123,917
5,133,732
5,135,536
5,147,385
5,156,612
5,163,952

A
A
A
A
A
A
A
A

5,171,262 A
5,192,297
5,195,984
5,226,880
5,234,457
5,236,659

A
A
A
A
A

5,236,978 A
5,246,420
5,250,069
5,264,260
5,266,669
5,281,677
5,282,824
5,284,883

A
A
A
A
A
A
A

5,290,306 A

5292331
5,295,978
5,300,048
5,304,134
5,304,135
5,304,197
5,304,340
5,328,468
5328940
5,334,148
5334201
5,335,675
5,336,585
5,342,386
5,344,400
5,348,538
5,358,486
5,374,704
5,382,633
5,397,306
5,403,340
5,433,713
5,438,106
5,442,036
5,455,308

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

5/1992 Pinchuk et 31‘

5/1992
6/1992
6/1992
7/1992
8/1992
9/1992
10/1992
11/1992

AlZner
Rhodes
Lee
Wiktor
Hillstead
Becket al.
Pinchuketal.
FrOiX

12/1992 MacGregor
3/1993
3/1993
7/1993
8/1993
8/1993

Hull
Schatz
Martin
Andersen
Pinchuk etal.

8/1993 Selvig etal.
9/1993
10/1993
11/1993
11/1993
1/1994
2/1994
2/1994

Krausetal.
Nobuyoshietal.
Saab
Onwunaka etal.
Onwunaka etal.
Gianturco
Ueno etal.

3/1994 Trottaet 31‘

3/1994
3/1994
4/1994
4/1994
4/1994
4/1994
4/1994
7/1994
7/1994
8/1994
8/1994
8/1994
8/1994
g/1994
9/1994
9/1994
10/1994
12/1994
1/1995
3/1995
4/1995
7/1995
8/1995
8/1995
10/1995

Boneau
Fan etal.
DreWes, Jr. et al.
Krausetal.
Shonk
Pinchuketal.
Downey
Kaneko etal.
Zimmer
Mamn
Cowan
Wheeler et al.
Takahashietal.
Trotta
Kaneko etal.
Wang et 31‘
Saab
Miilleretal.
Scott etal.
Nobuyoshietal.
Wang etal,
Trotta
Siranovich et al.
Beavers et a1.
Bastiaansen

US 7,749,585 B2
Page 3
5,490,838
5,500,180
5,500,181
5,511,965
5,545,133
5,554,120
5,556,383
5,565,523
5,576,072
5,603,722
5,733,496
5,747,591
5,755,707
5,779,729
5,786,426
5,830,182
5,849,846
5,879,369
5,900,444
5,921,957
5,951,941
5,954,744
5,993,415
5,998,551
6,022,341
6,090,099
6,110,142
6,123,718
6,200,290
6,238,408
6,245,103
6,290,485

D>

2/1996
3/1996
3/1996
4/1996
8/1996
9/1996
9/1996
10/1996
11/1996
2/1997
3/1998
5/1998
5/1998
7/1998
7/1998
11/1998
12/1998
3/1999
5/1999
7/1999
9/1999
9/1999
11/1999
12/1999
2/2000
7/2000
8/2000
9/2000
3/2001
5/2001
6/2001
9/2001

6/2002 Wang
8/2002 Kinsella et a1.
9/2005 Chen ....................... .. 428/35.7
9/2006 Wang et a1. ............... .. 264/573

Miller
Anderson et a1.

6,402,778 B2
6,429,232 B1

Wang et a1.

6,946,174 B1 *

Batdorf et a1.
Burns et a1.
Chen et a1.

7,108,826 B2*
7,465,483 B2* 12/2008
2002/0087165 A1

Colone

.................... .. 428/36.9

7/2002 Lee et a1.

Wang et 31.
Chen et a1.
H0 stettler et a1.
Phan et a1.
Avellanet
Chen et a1.

Miyagawa et a1.
Severini

Sperling et a1.
Wang et 31.
Chen et a1.
Ishida
Zamore
Killion et a1.

Wang et a1.
Phan et a1.
O’Neil et a1.
O’Neil et a1.
LentZ
Samson et a1.
Pinchuk et a1.
Tu et a1.

Burgmeier
Kawabata et a1.
Stinson

Wang

FOREIGN PATENT DOCUMENTS
117093
0-214-602
274411
513459
537069
540858
420488
566755
592885
697219
2651681
58-188463
61174256
WO-82/02048
WO-8401513
WO-9001345
WO-9208512
WO-9219316
WO-9523619
WO-98/55171
WO01/19425

* cited by examiner

8/1984
3/1987
7/1988
11/1992
4/1993
5/1993
7/1993
10/1993
4/1994
2/1996
2/1983
11/1983
8/1986
6/1982
4/1984
2/1990
5/1992
11/1992
9/1995
12/1998
3/2001

US. Patent

Step 0

Jul. 6, 2010

Sheet 1 of8

Z nm/zlllammymmmmz
"

US 7,749,585 B2

Extmde Polymer Tube

WWW/W1

Crosslink Tube

TWT
F

Step 1

loo

T

I-I-Z-Z-.-Z-ZFZ-Ff-I-I-I~:~Z- 2+z-t-r-z-sz-t-I-z-i-i-fl

!

Polymer Tube with Memory

5-1-1

T

L

t

Apply Heat in Mold

l

4—->
Stretch and Blow

ODB

TWT

OD

i:-. -:‘:-:-:-:-:-:-:-'.-:-

Step 2

Cool and Remove
T

:-'.-:-:-:~.-:~:-:-:-.-:-:-

v

‘

Fomled Balloon

Restrain Ends

L2

Apply Heat

<-—-—-—-——-—-—-—>
5

Radial, but no axial

OD

Shrinkage

o1)T
:_.-:-:-:-:-,':-:-:-:-:-.-

Step 3

TWS

‘

shrunken Balloon

Ls

<—————>

Figure 1

US. Patent

Jul. 6, 2010

Sheet 2 of8

Tube A

US 7,749,585 B2

Tube B

Tube A

Fuse Weld

Weld Point

Weld Point

Tube A

Tube A

mmwmm —mwmm'lmlmmm

Weld Point

Weld Point

Crosslinking Energy

.

Tube A (not crosslmked)

T b B crosslinked

u e (/\/

)

Tube A (not crosslinked)

Weldable

\JWeldable
end

Form Balloon within Tube B Portion

Figure 1A

US. Patent

Jul. 6, 2010

Sheet 3 of8

US 7,749,585 B2

Figure 1B
T

f

B

W

A
A

PW

B

Crosslinking Energy
B (crosslinked)

A (non-crosslinked)
A (non-crosslinked)
B (crosslinked)
Form Balloon

m

N

Weld Sha?s
Weld

mm

WW

A

US. Patent

Jul. 6, 2010

Sheet 4 of8

Figure 1C

Figure 1D

US 7,749,585 B2

US. Patent

Jul. 6, 2010

Us:3 us:3.
.52Qlol mml“z2l

Sheet 5 of8

US 7,749,585 B2

3:IUxs!:

5mmmcQ@o2EC0?=6wm1hEQO

om
m
0*
NP
3.
9
N
w?
v

E$532.1

ad

EN

mN

PM

NEswE

US. Patent

Jul. 6, 2010

Sheet 6 of8

ITvE0:ran clowml com omw o1w*]m o+N m

owmil

US 7,749,585 B2

womP| |

mm

om

2

or

m95mg

2.
NP
3.

23Um329828955s5:m

.m53E

ad

in-

Nd

wd wd 1N Nd

US. Patent

Jul. 6, 2010

Sheet 8 0f 8

US 7,749,585 B2

o
m
w
m
c
o
m
+ovwm clo'ml o|m+|m coIlm
I9Q6I:
owpm13.1

2
w
N
ON
NN
m
or
NF
3.
0w
v

E3m mi

OmdUxw9cRn025Eoua:m-=.E9os0:

ww egg

PmEwE

US 7,749,585 B2
1

2

REDUCED PROFILE MEDICAL BALLOON
ELEMENT

able blood ?oW through the artery Without resorting to more
serious, invasive surgical procedures such as grafts or

bypasses.
In 1977 the ?rst human coronary balloon angioplasty Was

This patent application claims priority to US. provisional

performed by Dr. Andreas GruentZig. This marked the his

application With Ser. No. 60/420,735, Which Was ?led Oct.
24, 2002, and is a continuation-in-part of allowed US. patent
application Ser. No. 09/558,355 entitled “Dilation Device of
Uniform Diameter” that Was ?led onApr. 26, 2000, now US.
Pat. No. 6,656,550 Which is a continuation-in-part of US.

torical beginning of routine clinical use of Percutaneous

Transluminal Angioplasty (PCTA). In 1982, one of the earli
est patents for an over the Wire balloon catheter, US. Pat. No.

4,323,071, to Simpson et al., Was issued. By 2001 almost tWo

patent application Ser. No. 08/ 947,000 entitled “Irradiation
Conversion of Thermoplastic to Thermoset Polymers” that

million angioplasties Were reportedly performed WorldWide,

Was ?led on Oct. 8, 1997, now US. Pat. No. 6,596,818, Which

marked the 25th anniversary of the ?rst angioplasty per

is a continuation-in-part of commonly oWned US. patent
application Ser. No. 08/727,145 ?led on Oct. 8, 1996, now
US. Pat. No. 5,900,444. US. patent application Ser. Nos.
08/947,000, 09/558,355, US. Pat. No. 5,900,444, and all

formed in an aWake patient.

With an estimated increase of 8% annually. The year 2002

A Wide variety of angioplasty balloon and catheter patents
are methods are knoWn. References disclosing angioplasty
balloons and catheters include:

priority applications listed above are incorporated herein by
reference in their entirety.
This invention Was made, in part, With government support
under contract number 1 R43 HL 68331-01, aWarded by the
National Institutes of Health. The government has certain

20

rights in the invention.
FIELD OF THE INVENTION

25

The present invention generally relates to balloons for
medical devices such as medical or surgical balloons and the

catheters incorporating them designed for use in angioplasty,

valvuloplasty, gall bladder procedures, neurologic interven

30

tions, urological operations and the like. More speci?cally,
the present invention relates generally to angioplasty balloons
used for dilating a lesion, obstruction, or stenosis in a blood
vessel or the deployment of a stent therein. In particular, the

invention relates speci?cally to balloons comprising poly

35

mers that have the attribute of memory or are crosslinked to

impart memory as Well as to processes for preparing

crosslinkable polymers and joining crosslinked balloons to
catheter systems. This invention also relates to balloons that
have a customiZable compliance curve and methods that may
be employed to form such balloons. It also relates to shrunk
balloons that exhibit a loW pro?le relative to their unshrunk
pro?le. It also relates to an expansive element Within a tube
Who se outer diameter is equal to the outer diameter of the tube
from Which it Was made.

40

45

BACKGROUND OF THE INVENTION

Angioplasty, an accepted and Well knoWn medical prac
tice, involves inserting a catheter containing an unin?ated

50

balloon at or near its distal tip into a blood vessel of a patient,

and maneuvering the balloon via the catheter through the
patient’s vessels to the site of a lesion, obstruction, or steno

sis. Typically, a physician ?uoro scopically guides the catheter
?tted With its expandable balloon, from an entry point at the

55

femoral artery, through a patient’s arterial system to the site of
the stenosis or occlusion. The unin?ated balloon portion of
the catheter is located Within the blood vessel so that it is
centered across a lesion, obstruction, stenosis or reduced area.

A pressurized in?ation ?uid is then metered to the unin?ated
balloon through a lumen in the catheter in order to expand the
balloon and thereby dilate the lesion, obstruction, stenosis or
restricted area. The in?ation ?uid is generally a liquid and is
applied at relatively high pressure, usually in the area of six to

60

tWenty atmospheres. As the balloon is in?ated it expands and

65

forces open the previously closed, stenotic or restricted area
of the blood vessel. The dilated artery reestablishes an accept
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pressure to drive the stent into the vessel Wall, thereby to
F

I

assure that there is no risk of the stent later shifting its position
t
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3536215130;

and to reduce the occurrence of restenos1s or thrombus for
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Currently drug-eluting stents hold out the promise of dra
matically reducing the occurrence of restenosis or the reclos
ing OfballOOn dilated arteries. FOr eXample refer to US. Pat.

a Weakened vessel segment, such as an aneurysm, had 55 NO- 6,429,232 to Klnsena, et 211

become common. A typical procedure for stent installation
involves performing an initial balloon angioplasty to open the
vessel to a predetermined diameter, removal of the angioplasty balloon catheter, folloWed by insertion of a delivery

Balloons used in angioplasty procedures are generally fab
ricated by molding and have predetermined design dimen

expanded to bring it into contact With the vessel Wall by using

expansion characteristics. This expansion characteristic is a

sions such as length, Wall thickness and nominal diameter.
Balloon catheters come in a large range of siZes and must be
catheter carrying the stent and a stent deploying mechanism. 60 suitably dimensioned for their intended use.
The stent is then centered across the opened lesion and then
Each kind and siZe of angioplasty balloon has its oWn
a balloon as the stent deploying mechanism. The balloon is
de?ated and the delivery catheter is then removed. The stent

factor of both the Wall thickness and the material from Which
the balloon is molded. If the diameter of a balloon is measured
deploying balloon is usually larger than the balloon of the 65 during in?ation, and the diameter is plotted, as one coordi
predilation catheter. In many cases it has become the practice
nate, against the in?ation pressure as the other coordinate, the
to then “retouch” the dilation by deploying a third catheter
resulting curve is called the compliance curve for that par
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ticular balloon. It should also be noted that desirable compli
ance curves are usually linear straight lines. The prior art

As a general rule, as compliance increases the strength and
hence burst pressure of a balloon decreases. Semi-compliant

discloses balloon catheters and methods for making balloon
catheters in Which the balloons have linear compliance

and compliant balloons made of less highly orientable poly
mers such as thermoplastic elastomers, polyethylene (high

curves. Reference may be had to Us. Pat. No. 4,490,421 and
Us. Reissue patent U.S. Pat. No. Re. 32,983 and Us. Pat.
No. Re. 33,561 for disclosures of methods for making balloon
catheters having linear compliance curves.

polyesters, polyurethanes, polycarbonates, polyamides,
polyvinyl chloride, acrylonitrile-butadiene-styrene copoly

density, loW density, intermediate density, linear loW density),

mers, polyether-polyester copolymers, and polyether-polya
mide copolymers, ethylene-vinyl acetate, ole?n copolymers,

If a balloon is made of a material that results in a relatively

large increase in diameter When the balloon is in?ated to its
expanded diameter, such a balloon is said to be a “high

ionomer resins or blends of these materials, have loWer

compliant balloon”, “compliant balloon”, “balloon With a
high compliance curve”, or “balloon made from compliant
plastic material”.

such as PET. Their burst pressure might be in the range of
9-10 atm. See, for example, U.S. Pat. No. 4,154,244 to Becker
et al. that describes a high compliant thermoplastic rubber
balloon. Balloons With a compliance someWhere betWeen
“high” and “non-compliant” can be made of nylon or nylon
elastomer materials such as Pebax, polyester elastomer mate

strength than those made from the highly orientable polymers

If a balloon is made of a material that results in a relatively
small increase in diameter When the balloon is in?ated to its
expanded diameter, such a balloon is said to be a “non
compliant balloon”, a “balloon made from non compliant

rials such as Hytrel or Arnitel or Pelprene, or Thermoplastic
polyurethane materials such as Pellethane. Reference to Us.

plastic material’ or a “balloon With a loW compliance curve.

It should be noted that balloons having compliancy curves

20

anyWhere betWeen the “high-compliant” and the “non-com

elastomers. See US 2002/ 00871 65 A1 to Lee et al forballoons

pliant curves” are available and are generally termed “semi

of thermoplastic polyurethane materials.

compliant”.
As typically referred, “non-compliant” balloons are the

least elastic angioplasty balloons, increasing in diameter
about 2-7%, typically about 5%, as the balloon is pressurized

25

desirable attribute, especially for dilating tough lesions, they

12 atm. “Semi-compliant” balloons have someWhat greater
over the same pressurization range. “Compliant” balloons are

been found to be subject to development of pinholes, are
30

fragile and easily damaged during routine handling, and may
develop extensive Wrinkles When the balloon is sterilized.
Furthermore, PET balloon materials do not readily take a fold

still more elastic, in?ating generally in the range of 16-40%
and typically about 21% over the same pressure range.
All angioplasty balloons have a minimum pressure at
Which they Will burst called the burst pressure. In use a phy

While balloons made of non-compliant materials generally
possess relatively high tensile strength values, Which is a
may be subject to disadvantageous properties Which compro
mise their utility. For example, PET balloon in particular have

from a in?ation pressure of about 6 atm to a pressure of about

elasticity, generally in?ating 7-16% and typically 10-12%

Pat. No. 5,951,941, by Wang et al, discloses block copolymer
elastomer catheter balloons of nylon elastomers and polyester

or a crease. As such When these balloons are collapsed in a

de?ated state the collapsed balloon ?attens and provides an
35

sician is aWare of the minimum burst pressure and usually
avoids in?ating a balloon to the point Where it bursts. The

undesired “Winged” pro?le. The phenomenon of “Winging”
results When the ?at, lateral portions of the de?ated balloon
project laterally outWard beyond the rest of the catheter. A

burst pressure is determined primarily by the strength of the

“Winged” balloon presents a pro?le having rigid edges that

polymer material from Which the balloon is constructed. It
should be noted that for a given material, the burst pressure is

has a much higher likelihood of injuring the arterial system
during placement or WithdraWal of the balloon. In addition,
materials such as PET do not readily accept coating With
drugs or lubricants, Which can be desirable in many applica
tions. PET is also di?icult to fuse, Whether by heating or With

40

generally determined by the balloon Wall thickness, all other

factors being equal.
The strength of polymer materials used in balloon manu

facture varies Widely. Usually the most inelastic (non-com
pliant) balloons are also the strongest, being made of highly
orientable polymers such as polypropylene, polyethylene
terephthalate or other phthalate polyesters or copolyesters,

knoWn biocompatible adhesives. PET and similar non-com
45

compliant balloon sometimes requires that a physician has to

nylons, polyimides, thermoplastic polyimides, polyamides,
polyesters, polycarbonates, polyphenylene sul?des, and rigid
polyurethanes. “Non-compliant balloons” made from poly

50

respective designated dilation diameters, thereby minimizing

biaxially oriented, non-compliant polyethylene terephthalate
homopolymer (PET) balloon. In addition to PET, other types
of materials have been used to produce non-distensible bal

WithdraW and replace a balloon that proves to be smaller than
needed to fully dilate the artery. Additionally, the use of
non-compliant balloons has been considered to be advanta

geous because they Will not in?ate signi?cantly beyond their

(ethylene terephthalate) are commonly referred to as PET
balloons. See, Us. Pat. No. 32,983 to Levy that describes a

loons. See, for example, U.S. Pat. Nos. 4,938,676 and 4,906,
244 that report using a biaxially oriented nylon or polyamide
material, U.S. Pat. Nos. 4,884,573 and 4,952,357 that report
using a polyimide material and Us. Pat. No. 4,950,239 that
reports using a polyurethane material. Non-compliant bal

pliant balloons tend to be stiff, making the dilatation catheter
more di?icult to maneuver Within tortuous vessels. A non

55

possible damage to vessels due to over-in?ation errors. HoW
ever, assessment of the artery’s size can be miscalculated, or
arteries may not be uniform and may taper, or may not coin

cide With readily available catheter balloon dimensions, leav
ing only the option of WithdraWing the non compliant catheter
and inserting another more properly sized catheter.
60

Compliant or semi complaint balloons can provide a Wider
range of effective in?ation or dilation diameters for each

loons can be characterized as being someWhat in the nature of

particular balloon size because the in?ated Working pro?le of

paper bags that, once in?ated to generally remove folding
Wrinkles, do not further in?ate to any signi?cant degree. The

the balloon, once achieved, can be further expanded in order
to effect additional dilation. Non-Compliant balloons are
typically available in size increments of 0.25 mm While High

higher tensile strengths of nondistensible balloon materials
are generally a result of orienting the balloon material during
manufacture of the balloon. These materials may have burst

pressures that exceed 20 atmospheres (300 psi).

65

Compliant balloons typically have size increments of 0.50
mm. This gives the physician some margin of error in match
ing a speci?cally sized balloon With the size of the vessel at
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the stenosis site. An off-sized artery (i.e. 2.90 mm), Which is

having a linear compliance curve that best meets his needs.

dif?cult to dilate With a Non-Compliant balloon, can be

Sometimes, Physicians encounter medical situations Where

dilated With a semi compliant or compliant balloon. Thus,
feWer models of High-Compliant balloons are required to ?ll
a range of siZes. Another advantage of a High-Compliant

an angioplasty balloon having a nonlinear compliance curve
is desired. For example a physician may have a medical
situation in Which he desires a balloon that Will during the

balloon over a Non-Compliant balloon is that if a restriction,

initial in?ation phase increase in diameter by 20% and then in
the secondary in?ation phase become very rigid and hard With
little further increase in diameter. Another example might be

after being dilated to its desired diameter, recoils When the
balloon is de?ated, the High-Compliant balloon can be re
in?ated to a higher pressure thus dilating the restriction to a
diameter greater than its desired diameter resulting in a sat
isfactory post recoil lumen diameter. This process can be

the situation Where tWo lesions are encountered, one that can

be treated With a High-Compliant balloon and the other that

requires a Non-Compliant balloon. Using tWo balloon cath
eters in such a situation, Which the initial High-Compliant
balloon must be removed and replaced With a Non-Compliant

repeated until the restriction retains its desired diameter after
de?ation of the balloon. High-Compliant balloons also have

disadvantages, for example they cannot be successfully used

balloon, has the disadvantage exposing the patient to the

to dilate a hard lesion. Also if a High-Compliant balloon is
located across a restriction and an end or both ends of the

trauma of removing and replacing a balloon catheter, a longer
procedure time, and the expense of tWo balloon catheters.

balloon extend into non restricted areas, When high pressure
is applied to the balloon, the pressure may not be su?icient to

These disadvantages can be avoided by use of a balloon
catheter that has a nonlinear or hybrid compliance curve.

crack or dilate the restrict area but Will dilate the non-re

stricted area to diameters greater than their normal diameter.
In this situation damage can be done to the non-restricted

20

In Us. Pat. Nos. 5,348,538; 5,403,340; and 5,500,181 to
Wang et al, there is described a single layer balloon Which
folloWs a stepped compliance curve. The stepped compliance

portions of the vessel.Also “high compliant” balloons usually

curves of saidballoon has a loWer pressure segment folloWing

can not reach the high pressures of “non compliant” balloons.
The comparatively loWer tensile strength of a compliant or

a ?rst generally linear pro?le, a transition region, typically in
the 8- 14 atm range, during Which the balloon rapidly expands
yielding inelastically, and a higher pressure region in Which

semi compliant balloon may increase the risk of possible
balloon failure if the balloon is over pressuriZed. Compliant

25

the balloon expands along a generally linear, loW compliance

balloons having high expansion properties also present the

a non-linear manner thereby increasing the risk of uncon

curve. It is claimed that the stepped compliance curve alloWs
a physician to dilate different siZed lesions Without using
multiple balloon catheters. In Us. Pat. No. 5,490,838 to
Miller, there is disclosed a balloon catheter Which can be
expanded in a stepped fashion to tWo different knoWn, Work

trolled overin?ation. Manufacturers attempt to cope With

hardened diameters. In U.S. Pat. Nos. 6,290,485; and 6,402,

loWer burst properties and the overin?ation risk by increasing

778; there is disclosed a method for installing a stent using a

risk that a blood vessel may be damaged or ruptured due to
uncontrolled overin?ation. This is because the expansion at

high pressure of many compliant balloons tends to increase in

30

balloon Wall thickness. Said thicker Wall thickness hoWever

results in a larger pro?le and perhaps stiffer catheter thereby

35

single balloon catheter With a stepped compliance curve.
Claimed is a single stent deploying catheter for both loW

reducing its desirability for certain applications.

pressure predilation and subsequent high pressure embed

The particular distension and maximum pressure attributes
of a balloon are in?uenced not only by polymer type but also
by the conditions under Which the balloon is bloWn. Angio
plasty balloons are conventionally made by bloW molding a
tube of polymer material at a temperature above its glass
transition temperature. For any given balloon material, there

ding of the stent in the vessel Wall. HoWever the devices
disclosed involve dilation catheters With relatively thick

Walled balloons, thereby limiting their utility in many appli
40

balloon catheter is submerged in Water or air at a temperature

Will be a range of distensions achievable depending on the

conditions chosen for the bloWing of the balloon. For example
by controlling bloWing conditions such as initial dimensions
of tubing, pre-stretch, hoop ratio and heat set conditions, one
can vary the compliance characteristics and Wall strength of a
balloon to some degree. In Us. Pat. No. 6,110,142 to Pin
chuck there are described balloons of nylon that exhibit vari
able characteristics depending on hoW they are bloWn. The
data in the reference shoW that compliance characteristics can

45

in the range of 25-100 degree Centigrade for 3-180 minutes,
the temperature and time required in this annealing process,
depending upon the siZe of the balloon that is being pro
cessed. This annealing process causes the length and the
diameter of the balloon to decrease and the Wall thickness to
increase Which results in a balloon catheter With a hybrid

50

compliance curve. The relatively thick Wall balloon of Wang
results from alloWing the balloon to shrink both axially and

radially.

be obtained ranging from non-compliant to semi-compliant
characteristics and that Wall strengths of greater than 15,000
psi can be obtained. According to the author, the balloons
exhibit the ability to be “tailored” to have expansion proper

cations. For example, in Wang, the stepped compliance curve
is obtained by an unusual annealing technique. The entire

It Would be desirable to have or be able to manufacture a

series of improved medical dilation catheters for angioplasty,
55

stent deployment or other usages containing a dilation ele
ment With linear or non linear expansion characteristics, and/

ties that are desired for a particular end use. HoWever, the

or With higher compliance characteristics and/or With

degree of “tailorability” is limited according to the disclo

reduced risk of overin?ation at high pressure and/ or a balloon
element of Whose pro?le is the same as the tube from Which

sures to an expansion of at most 35 or 40%.

Due to the limitations inherent in current balloon technol
ogy discussed above, it Would be desirable to have a balloon

it Was formed.
60

Thus fabricating an angioplasty balloon places con?icting

catheter Which exhibits the Wide expansion characteristics of
a compliant balloon, but is capable of operating at a high

Walled high strength relatively inelastic balloons of predict

pressure similar to a non compliant balloon, but Without the

able and desirable in?ation properties. These con?icting

danger of overin?ation.
Compliance curves of angioplasty balloons, in their usable

demands on the materials used to obtain extremely thin

range are linear, that is essentially a straight line. As a result a

demands usually result in a trade off of properties With certain
characteristics being balanced against others. For example, a
minimum balloon pro?le is advantageous because it alloWs

physicians choice, in the past, has been to select a balloon

the balloon to easily reach and then traverse tight stenosis or

65
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polymer in order to render it crosslinkable. Shrink memory

occlusions With minimum trauma to arterial vessels. This
requires a thin Walled balloon that tends to loWer the burst
pressure of the balloon. In order to maintain the higher burst
pressure of a balloon in order to push open a stenosis easily, a
very high strength material must be used so the thin Wall Will
not burst under the high internal pressures necessary to

may be imparted by stretching the polymer tube or crosslink
ing the polymer tube by using energy such as heat, light or
radiation, high-energy electron beams, gamma rays, UV
light, infrared radiation or combinations thereof.
A non-limiting embodiment of the present invention is a
polymer material that is ?rst extruded or otherWise formed
into a continuous tube of a desired length and outside and
inside diameter and crosslinked by a suitable method. A
length of the tube is suitably utiliZed to form a balloon by

accomplish this task. But high strength materials tend to be
fragile, stiff and very inelastic. However, it its desirable that
the balloon be ?exible and have some elasticity so that the
in?ated diameter can be controlled, and to alloW the surgeon
to vary the balloon’s diameter as required to treat individual

heating a portion of the tube in a mold, stretching and apply
ing pressure to the interior of the tube to expand the heated,
stretched portion. Stretching before or While bloWing the
balloon results in axial orientation of the polymer in the
balloon along With radial orientation (knoWn in the art as
biaxial orientation) and improves the balloon burst strength.

lesions, yet still be able to compensate for variations in vessel
Walls or “recoil” as Well as be maneuverable through tortuous

vessels. However, elasticity must be relatively loW to avoid
overin?ation and damage to the vessel. In addition the diam
eter must easily controllable With pressure so that small varia
tions in pressure Will not cause Wide variation in diameter.

Medical balloons typically retain their shape When in the
unpressuriZed state someWhat like a collapsed paper bag. In
order to maintain a loW crossing pro?le, the collapsed balloon
must be Wrapped tightly around itself. The current art alloWs
a minimum balloon pro?le by minimiZing the Wall thickness
of the balloon material. This alloWs for a loW pro?le by
enabling a collapsed balloon to be Wrapped around itself
multiple times Without appreciably increasing the diameter of
the area contained the collapsed Wrapped balloon. But the
thinner Wall gives a Weaker balloon and thus reduces the
amount of pressure that can safely be used to in?ate the
balloon and open a stenosis. This requires the use of very
strong materials to alloW for the required minimum balloon

A tube With a “balloon” of a speci?ed outer diameter, Wall

20

thickness, and length, results. The Wall thickness of the bal
loon is less than the Wall thickness of unexpanded portion of
the original tube.
The balloon is removed from the mold after cooling the
mold and releasing the interior pres sure. The resulting option
ally crosslinked balloon may be used as is, to yield a balloon

25

With an improved compliance pro?le.
Alternatively, the portion of the tube containing the balloon
is then reheated at or to a certain temperature While restrain

ing the tube ends so that axial balloon contraction is restricted

30

in a controlled manner. This controlled re-heating Will cause
the formed balloon to shrink, due to “memory”, to some outer
dimension Which Will be less than the outer dimension of the

Wall thickness and usually yields a rigid, hard, stiff balloon.

balloon before applying the controlled re-heating, and Whose

Use of a more elastomeric material that tend to be ?exible,
soft and deformable yields either a Weaker balloon, Which
may overin?ate and damage the vessel or burst at too loW a
pressure, or a thicker balloon Which presents an unacceptable

length Will in one embodiment be unshrunk. The exact outer

diameter of the shrunk balloon is determined by the length of
time and shrink temperature that heat is applied to the balloon
35

pro?le.

more closely the shrunken balloon diameter Will approximate

The design of a balloon therefore is a compromise and it

Was thought unlikely to obtain a high compliant, high-pres
sure balloon, ?exible, loW pro?le balloon With a linear or
non-linear compliance curve Within a single balloon. There
fore, there is still a need for improved materials and method
for in?atable medical balloon elements.

containing “memory”. The higher the shrink temperature and
the longer the shrink time, the greater the shrinkage, and the
the outer diameter of the tube from Which it Was formed. By

judicious application of combinations of shrink temperature
40

and shrink time, the balloon may be shrunk to any siZe
betWeen the unshrunk balloon diameter and the original
diameter of the tubing from Which it Was constructed. A Wall
thickness of the shrunken balloon Will be associated With a

SUMMARY OF THE INVENTION

given shrunken balloon diameter. The greater the shrinkage
45

In accordance With a preferred embodiment of the present
invention, a polymer material is ?rst extruded or otherWise
formed into a continuous tube of a desired length and outside
and inside diameter. The type of polymer is chosen based on
the requirements of the device to be manufactured, and one or
more of the folloWing characteristics: its ability to be

crosslinked, and/or its ability to exhibit “shrink memory.”
As stated above, the dilatation device of the present inven
tion is suitably fabricated from a polymer material, preferably
a thermoplastic. A Wide variety of polymers may be used in

50

the greater the degree to Which the Wall thickness Will tend to
increase relative to the unshrunk balloon Wall thickness.
HoWever the increase in Wall thickness can be controlled by
restraining the ends of the tube While the balloon is heated for
the purpose of shrinking. While the shrink temperature and
shrink time is being applied, the ends of the tube are suitably

restrained by being subjected to one of the folloWing restrain
ing alternatives. The tube ends may be restrained so as to

55

accordance With the present invention, including thermoplas

maintain the same original overall length that the tube exhib
ited With the formed balloon still in place. Alternatively, the
tube ends may be longitudinally elongated While the shrink
temperature and shrink time is being applied, preferably to a

tic polymers and thermoplastic elastomer polymers such as

predetermined length. In a least preferred alternative, the

polyamide elastomer polymers, polyester elastomer poly
mers, polystyrene elastomer polymers, thermoplastic poly

balloon may be alloWed to longitudinally contract in a con

urethane elastomer polymers, and blends of rubber and ther
moplastic polymers. These materials can be formed into

trolled manner. HoWever, this Will result in a thickening of the
60

tubes, optionally crosslinked, and subsequently molded to
form balloons. Crosslinking, if utiliZed, may be imparted

a reduced pro?le, as Well as an altered compliance curve

relative to the unshrunk balloon pro?le and compliance curve.
In an extreme application of the least preferred alternative, the

preferably by exposing the polymer tube to energy such as

heat, light, radiation, high-energy electron beams, gamma
rays, UV light, infrared radiation or combinations thereof.
Often, a functional material or co-agent must be added to the

shrunk balloon Wall to a greater extent than in the more

preferred alternatives. This Will yield a balloon element With
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balloon Would fully contract radially and axially resulting in
the original tube being reformed similar to a piece of shrink
tubing. This is to be avoided for the purpose of a useful
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medical balloon, however for the formation of shrink tubing

crosslinking energy, a tubing assembly Will be obtained With

this Would be an acceptable consequence.
The application of a suitable combination of shrink tem

crosslinked area Would be located at one or both ends of the

a crosslinked area and a noncrosslinked area. The non

perature and shrink time in combination With the “memory”
effect, results in the formation of an expandable portion
Within a tube. This expandable portion thereby contains a
susceptibility to preferably expand upon introduction of pres
sure to the interior of the tube. The expandability is expressed

tubing assembly and Would be Weldable. In the case Where the
crosslinked section of tubing is centrally located betWeen tWo
uncrosslinked sections of tubing, said tubing assembly can be
utiliZed to form a crosslinked balloon Within the central

crosslinked portion of the tubing assembly and thereafter, the

in a compliance curve Wherein the siZe of the expandable
balloon portion varies With the amount of pres sure introduced

balloon may be attached to the balance of the catheter shafts
via the uncrosslinked outer ends of said balloon containing

to the interior of the tube. This compliance curve can be a

tubing assembly. A tube consisting of a polymer material that

straight linear line or a non-straight non-linear line depending
on the combination of the speci?c material employed, the
shrink temperature and the shrink time applied, and the extent
to Which the balloon shrinks during the process. The tube noW
is an expandable element that contains an expandable portion

normally Will not crosslink is then preferably butt Welded to
both ends of tubing that normally Will crosslink forming a

continuous tubing assembly containing a central crosslink
able section and outer non-crosslinkable sections. Upon
exposure of the entire Welded assembly to crosslinking

and a less expandable portion With the expandable portion
usually contained betWeen the less expandable portions, and
may be joined to a catheter to complete a medical dilatation
device.

energy, only the central portion of the assembly consisting of
tubing B Will crosslink While the ends of the assembly con
20

Within the central crosslinked portion,
uncrosslinked section provide Weldable ends.

of prematurely crosslinked or otherWise degraded polymer
called “gels”. Gels are particularly undesirable With respect to
balloon catheters, since they form areas of stress concentra
tion or other defects that Weaken the Wall of the balloon that
may cause a premature failure of the balloon by loWering the
burst pressure of the balloon. In order to minimiZe the forma
tion of gels, it Was found bene?cial to ?rst prepare a concen
trate of a functional material in a polymer and then mix or
blend the concentrate With a polymer Which contains no func

25
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Another embodiment for enabling a crosslinked or thermo
set balloon to be Welded to a thermoplastic catheter shaft
Would be to co-extrude or otherWise apply a layer of non
crosslinkable polymer to the inner and/or outer surface of a

the crosslinkable polymer tube and prior to (or possibly after)
exposure of the tubing assembly to crosslinking energy. This
Would result in a tubing assembly With a non-crosslinkable
layer on the inner and/or outer surface of a crosslinkable layer

of tubing. When the tubing assembly is exposed to crosslink
ing energy, only the crosslinkable layer Will crosslink, While
One can then utiliZe the resulting tubing to form a balloon in

the manner previously described. Said balloon Will comprise

In the construction of balloon catheters, once the balloon
element is formed it is necessary to attach it in some manner

bly at the distal end of a catheter assembly generally consists
of a larger outer shaft, and a smaller inner shaft, located
Within the lumen of the outer shaft. The proximal end of the
balloon element is attached to the surface of the outer shaft,
and the distal end of the balloon is attached to the surface of
the distal end of the inner shaft. The preferred method of

the

the uncrosslinkable layer or layers Will remain uncrosslinked.

minimiZes the amount of polymer exposed to an extra heat

history and hence minimiZes the formation of gels.
to the remainder of the catheter assembly. A catheter assem

While

crosslinkable polymer tube during or after the formation of
30

tional material. The ratio of the amount of unmodi?ed poly
mer relative to the polymer With high amounts of co-agent is
called the let doWn ratio. Since only the concentrate contain

ing polymer is exposed to multiple heat cycles, this procedure

sisting of tubing A remains uncrosslinked. Thereafter the
assembly can be utiliZed to form a crosslinked balloon from

It has been found particularly that the addition of certain
functional materials may result in undesirable small regions

40

at least one layer Which Will be a crosslinked, and at least one
surface Which Will be uncrosslinked and therefore Weldable to

the surface of another thermoplastic. For example, a coex

truded tube assembly, consisting of an inner layer comprising
a thermoplastic polymer material that normally Will not
crosslink and an outer layer comprising a compatible but
45

crosslinkable material (When exposed to crosslinking
energy). The entire co-extruded tubing comprising the outer

attachment is to Weld the balloon element at the interface of

crosslinkable layer and the inner non crosslinkable layer, is

the respective catheter shafts by applying heat and pressure.

then exposed to crosslinking energy. Only the portion of the
tubing consisting of outer layer Will crosslink While the inner
portion of the tubing consisting Will remain uncrosslinked.

Welding provides smooth, ?exible and strong joints betWeen
the component parts. Since the balloon element and the shafts
are usually constructed at least in part from a thermoplastic
polymeric material, the application of heat and pres sure melts
the thermoplastic polymeric materials and causes them to

50

Since the inner layer remains uncrosslinked and therefore a

thermoplastic, it Will be Weldable to another thermoplastic.
The tubing consisting of the crosslinked outer layer, and the
thermoplastic inner layer could be utiliZed to form a balloon

bond to each other. In the instance Where a balloon element is

composed of a crosslinked polymer, the Welding cannot be

55

as previously described. A balloon With a crosslinked outer

performed since a crosslinked polymer is a thermoset, no
longer melts and usually Will not bond to the shafts. One

layer and a thermoplastic inner layer Would result. The ends

embodiment of a means for Welding a crosslinked balloon to
a catheter shaft Would be to Weld or otherWise attach lengths

moplastic catheter shaft and Welded thereto. In summary, if
the uncrosslinked, thermoplastic and Weldable layer com
prises the inner lumen of the ends of the formed balloon
element then a Weldable tube could be placed With the lumen
of the ends of the balloon and Welded thereto. Alternatively, if
the uncrosslinked, thermoplastic and Weldable layer com
prises the outer layer of the ends of the formed balloon ele
ment then the ends of the balloon element could be placed
Within the lumen of another fuse Weldable tube and Welded
thereto.

of compatible and uncrosslinkable polymer tubing to one or

of the formed balloon could thereafter be placed over a ther
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both ends of a length of crosslinkable polymer tubing prior to
exposure of the tubing assembly to crosslinking energy. The
result Would be a length of tubing consisting of a central
crosslinkable section With a non-crosslinkable section at one

or both outer ends. Upon exposure to crosslinking energy,
only the central portion Will crosslink, While the outer end or
ends Will remain uncrosslinked. Thus, after applying

65
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Various objects, features, aspects and advantages of the

changes in other balloon characteristics such as reduced burst
strength or increased Wall thickness. For example in see US.
Pat. No. 6,1 10,142 to Pinchuk et al, for the effect of hoop ratio
and heat set temperature on the compliance curves for Nylon

present invention Will become more apparent from the fol

lowing detailed description of preferred embodiments of the
invention.

(see FIGS. 4 and 5 of that Pinchuk patent). The present
invention discloses a method to effect changes in the compli

BRIEF DESCRIPTION OF THE DRAWING

ance curve of a material even though the hoop ratio and/ or the

FIG. 1 is drawing of the steps Which could be used to form

heat set temperature remains unaltered.

a shrunken medical dilation balloon.

The present invention discloses a novel method of manu

FIG. 1A is a draWing of the steps involved in forming a
crosslinked balloon With Weldable ends.
FIG. 1B is a draWing of the steps involved in forming a
crosslinkable balloon With a Weldable inner surface.
FIG. 1C is a draWing of the cross-section of the distal end
of dilation catheter assembly shoWing a dilation balloon ele

facture of a balloon for use on a balloon catheter Whose

compliance characteristics can be altered by crosslinking the
material. In addition the present invention discloses a novel
method of manufacture of a balloon for use on a balloon

catheter Whose compliance characteristics can be customiZed

at the time of manufacture, by shrinking the balloon from its
initial molded siZe, and thereby imparting any one of a Wide

ment.

FIG. 1D is a draWing of a stent comprising a polymeric

range of possible compliance curves depending on the man
ner in Which the balloon Was shrunken and the needs of the

material With expansion memory.
FIG. 2 is a chart of the compliance curves of a series of
crosslinked and uncrosslinked 2.5 mm Pebax 7233 balloons.
FIG. 3 is a chart ofthe compliance curves ofa series of2.5
mm Pebax 7233 balloons crosslinked at 2.5 Megarads and

shrunk back at various temperatures.
FIG. 4 is a chart ofthe compliance curves ofa series of2.5
mm Pebax 7233 balloons crosslinked at 12.5 Megarads and
shrunk back at various temperatures.
FIG. 5 is a chart ofthe compliance curves ofa series of2.5

20

For example, depending on the shrinkage imparted to the

25

mm Pebax 7233 balloons uncrosslinked and shrunk back at

various temperatures.
Table 1 lists the elongation of Pebax 7233 at different

device.
The present invention thereby alloWs the creation of a
balloon catheter With a “customizable” compliance pro?le.

30

irradiation dose levels in Megarads.

balloon from its original formed siZe, a balloon With linear or
non-linear compliance curves could be manufactured in order
to exhibit higher compliance as Well as high burst pressure.
Or, if crosslinked tubing Was used to form the balloon, and not
shrunk, a balloon could be manufactured With a compliance
curve that exhibits reduced tendency to overin?ate at high
pressure, that is a balloon With a “?atter” (loWer or reduced)

compliance curve Would be result While maintaining accept
able burst pressure. This innovation thereby overcomes limi

tations of the prior art Wherein high compliance balloons are
generally of loWer burst pressure than loW compliance bal

DETAILED DESCRIPTION

loons, or Wherein certain balloons exhibit a tendency to over

Balloon catheters in general and angioplasty balloon cath
eters in particular are Widely used, especially for treating
circulatory problems. Balloons for medical catheters such as
angioplasty balloon catheters are usually made by bloW mold

35

addition this technology alloW the formation of a balloon

ing a thin Walled balloon from a portion of a tube made of a

relatively inelastic thermoplastic material. The balloon is

Wherein the OD (outside diameter) of the expandable element
40

then de?ated, attached to a catheter and then folded around

the catheter. In order to alloW compact folding of the balloon,
and hence a small pro?le, the Wall thickness of the balloon
must be thin. HoWever, for a given material, the thinner the
Wall of the balloon, the loWer the burst pressure. Since certain

in?ate at high pressure. In addition this technology alloWs for
reducing the pro?le of a given siZe balloon perhaps Without
requiring the Wrapping of a collapsed balloon about itself. In
can be the same OD as the tube from Which it is formed. This

alloWs for a practical method for manufacture of “micro”
balloon catheters smaller than presently available in the art. In

essence then, by forming a balloon, optionally crosslinked,
45

and/or by shrinking of a formed balloon, one could manufac
ture a Wide range of dilation devices Whose compliance char

applications, especially coronary angioplasty procedures

acteristics vary from high compliant to loW compliant, With

require balloons capable of expanding at high pressure,

linear or non-linear curves, or anything in betWeen, all While

strong materials are required for construction of the balloon.
Strong materials, alloW very thin Walled balloons to be con
structed that can be in?ated to high pressure and Will exhibit
very high burst pressure. HoWever strong materials tend to be
stiff and inelastic Which exhibit minimal expansion Within
their useful pressure range. This necessitates manufacture of
a large number of catheters, each properly siZed for a speci?c
vessel diameter. In addition, With such loW compliance mate
rials, if an undersiZed catheter is chosen, it must be WithdraWn

maintaining desirable burst strength and loW to very loW

crossing pro?les.
50

rials particularly certain thermoplastic polymers (“Thermo
plastics”). Therrnoplastics are generally polymers that soften
or melt When exposed to heat and harden When cooled to
55

and a neW catheter inserted at the co st of increased trauma and

higher expense.
Within the present state of the art, the balloon compliance
is largely determined by the characteristics of the material
selected. Some limited “tailoring” of the balloon compliance
can occur by varying certain bloW molding parameters. For
example, by varying the hoop ratio of the balloon (de?ned as
the ratio of the balloon OD divided by the unbloWn tube ID),
or the heat setting temperature and time, one can effect a

change in the balloon compliance curve. HoWever such

changes in balloon compliance may involve undesirable

This invention takes advantage of the “shape memory”
characteristic that may be imparted to a Wide variety of mate

room temperature. That is, thermoplastics are capable of
being shaped or molded upon the application of heat. Ther
moplastics are distinguishable from other ‘plastic’ materials
such as moist clay that do not require the application of heat
in order to be shaped or molded.

60

Shape memory may be imparted to polymers or polymer
blends via a number of processes such as, for example, by
crosslinking, including the formation of netWorks or inter

penetrating netWorks, or through stretching or compression
of a polymer.
65

Crosslinking is the bridging of tWo or more adjacent poly
mer molecular chains via a chemical bond, usually a covalent
bond. The bond involves an element, functional group, or

US 7,749,585 B2
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Shrink memory is imparted by stressing the ?rst con?gu

chemical compound, Which joins certain carbon or other
atoms on one polymer chain to the carbon or other atom on
one or more other polymer chains. A covalent bond can be
distinguished from a non-covalent bond such as an ionic or

ration through some sort of stretching process to form a

hydrogen bond. Non-covalent bonds Will usually dissipate
upon the application of heat thereby allowing a thermoplastic

?guration through some sort of compression process to form
a second con?guration that is smaller than the ?rst con?gu
ration.
With respect to shape memory and uncrosslinked poly
mers, if a polymeric object of a ?rst con?guration is heated,

second con?guration that is larger than the ?rst con?guration.
Expansion memory is imparted by stressing the ?rst con

polymeric material to melt and How at elevated temperature.
In contrast covalent bonds usually do not dissipate upon the

application of heat and a thermoplastic polymer crosslinked

preferably above its glass transition temperature but beloW its
crystalline melting point, reformed into a second con?gura
tion, and cooled, it Will retain that second con?guration.
HoWever, if it is subsequently reheated, the second con?gu

through covalent bonds usually Will not melt or How at

elevated temperature. However, a crosslinked thermoplastic
polymer may soften and/ or deform at elevated temperatures.

In addition, crosslinked thermoplastic polymers may decom

ration Will tend to revert someWhat toWards the ?rst con?gu
ration and is also referred to herein as “Memory”. Said
“Memory” can be either “Shrink Memory” or “Expansion

pose if the temperature is elevated a su?icient amount.
A thermoplastic material can be considered to be a ther
moset material once crosslinking occurs. A “Thermoset”
material is a general term that can be applied to any material
that solidi?es or ‘sets’ irreversibly When exposed to an energy
source such as heat. This property is usually associated With

covalent crosslinking of the molecular constituents induced

Memory” depending on Whether the second con?guration is
larger or smaller than the ?rst con?guration.

Memory induced by crosslinking polymeric objects tends

by heat or other energy sources such as radiation. Included in
the thermoset category are many diverse materials such as

to be stronger than memory induced in the absence of
crosslinking. This means that, for example, a crosslinked
object Will shrink to a smaller siZe than a stretched object

rubber, bread, scrambled eggs, and crosslinked thermoplas

upon reheating, all other factors being equal. This is because

tics. A thermoset plastic has a characteristic such that usually
it no longer melts and/or ?oWs upon heating above its crys
talline melt temperature (Tm). In order to crosslink rubber or
a thermoplastic, it may be necessary to add “curing agents”
such as organic peroxides or (for rubber) sulfur and/or a

20

the memory in uncrosslinked materials is dependent on relax
25

melt temperature. Smaller recoveries occur since the heat
necessary to cause an oriented polymer to shrink causes the

some of the polymer chains to slip past each other rather than

crosslinking agent such as a methacrylate monomer.

Even though a crosslinked thermoplastic is technically no
longer a thermoplastic but rather a thermoset it may still be
possible to form the crosslinked thermoplastic into a neW
shape at elevated temperature. This feature is used to advan

30 retract as in the case of a crosslinked material.

A crosslinked polymer hoWever tends to act as an elastic

material especially near or above the crystalline melt tem
perature, the chains do not slip and hence more of the defor
mation is recoverable upon removal of the stress. This

tage in forming items that exhibit “shape memory”. Poly
mers, suitable for imparting shape memory, are usually ther

ation of molecules that have been oriented by stretching the
polymer at a temperature betWeen the glass transition and

35

“Memory” effect Whether induced by stretching or crosslink

moplastic materials, optionally crosslinked, With a crystalline

ing is Widely used, for example, in shrink tubing and shrink

component (or a non crystalline component With a high glass
transition temperature-however see US. Pat. No. 5,964,744

Wrap ?lm.
Expansion memory can be applied in a novel Way, for
example, for the formation of a medical device such as a

to BalbierZ et al for a shape memory device from a material

having a loW glass transition temperature).
If a thermoplastic polymer is crosslinked and then heated,

40

usually above its crystalline melt point (Tm), stressed, and
cooled under stress to beloW the (Tm), the crystals reform.

Since the strength of the crystalline regions far exceeds the
forces due to the strength of the crosslinks, the polymer stays

45

tion of heat, the reduced siZe tubular member Will tend to

talline regions lose their strength alloWing the crosslink

expand to its larger original siZe or ?rst con?guration. An
advantage of this approach, is that via a compression process

forces to dominate. The crosslinks thereby return the material
50

Restated in more general terms, With respect to memory
and crosslinking, if a certain polymeric object in a ?rst con

?guration is crosslinked, then heated, usually above its crys
talline melting point (Tm), reformed into a second con?gura
tion, and cooled beloW the (Tm), it Will retain that neWly

tion), for example, around a removable mandrel, then cooled
to maintain the smaller second con?guration. After the
optional removal of the mandrel, a tubular member of reduced

siZe With Expansion Memory is obtained. Upon the applica

stressed even though the stressing force has been removed. If
heat is applied again, su?icient to melt the crystals, the crys

back toWards its unstressed shape.

self-expanding polymer stent. A tubular polymer member,
optionally crosslinked, of suitable siZe (the ?rst con?gura
tion), can be heated and compressed (the second con?gura

the tubular polymer member can be compressed in a manner
so that the axial dimension is constrained. Thus, in one aspect,

the tubular member Would be compressed radially, While the
axial length Would not be decreased. Therefore When it re

expands, it Will only re-expand in the radial dimension While
55

the axial dimension Will remain constant or nearly so. This

feature is important for example in medical stent applications

formed second con?guration. If it is subsequently reheated to
near or above the (Tm), the object Will tend to revert, due to

such as coronary stents applications, Wherein it is important

memory, from the second con?guration to the ?rst con?gu
ration.
It should be noted that if the second con?guration is larger
than the ?rst con?guration, then the resultant shape memory

for the physician practitioner to pre-select the length of the
60

stent to match to length of the lesion or Wall to be reinforced.
This is in distinction to the polymer stent disclosed in US.
Pat. No. 6,248,129 to Froix, Wherein a stent is imparted elas

is a tendency to shrink and is referred to herein as “Shrink

tic memory by a stretching process. This stretching process,

Memory”.

Which reduces the outer diameter of a tubular polymer mem

If the second con?guration Were smaller than the ?rst con

?guration, then shape memory Would result in expansion
rather than shrinkage and the memory is herein referred as

“Expansion Memory”.

65

ber, also lengthens the axial dimension of the device. There
fore When expanded, the device Will inherently shrink axially,
Which as previously mentioned is disadvantageous for medi
cal stent applications.

US 7,749,585 B2
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The present invention also has the advantage that it is stable
until activated by the application of suf?cient heat or other

tageous properties such as more rapid expansion, or expan
sion of the tubular member at loWer heat energy levels, than a
similar “reduced siZe tubular member With expansion
memory” deployed by some other means such as in a delivery
catheter With no expansive balloon element. Regardless of the

energy. That is, once compressed, no cover or other restrain

ing device is required to prevent it from re-expanding. This in
distinction to other polymer stents Which self expand in the
manner of a compressed spring and require some sort of
restraining device to maintain the device in a compressed
state. An example is disclosed in US. Pat. No. 4,820,298 to
Leveen et al. As disclosed therein, a thermoplastic polymer is
formed into a helical coil by providing a linear extrusion and

manner of extension, it is generally contemplated that the

Winding the same on a mandrel and reheating to form a helical

compressed expandable stent. HoWever, the term “substan
tially continuous outer surface” expressly excludes discon

stent has a substantially continuous outer surface. The term
“substantially continuous outer surface” as used herein refers
to the outer surface of a tubular element, Which may option
ally include one or more openings to increase ?exibility of the

spring coil. The stent is inserted With a stylet. When the stylet
is removed, the stent expands under its recovery memory to

tinuous surfaces that are formed from a plurality of segments
that exhibit changeable radial curvatures (e.g., as described in

assume a helical con?guration. This recovery memory is
based upon the fact that it Was formed from a linear strip and
Wound onto a mandrel Which resulted in stored energy similar

US. Pat. Nos. 5,603,722 and 5,954,744).
Therefore, a “reduced siZe tubular member With expansion
memory” could also be termed “a self expanding polymer
stent”. A “self expanding polymer stent” Would be useful in

to a spring, causing it to expand into a helix When released
from the stylet. It is believed that even though such a stent is

formed of plastic, it has a number of disadvantages making it
unsuitable for use in many applications. It is necessary to

mechanically restrain the stent to prevent it from expanding
prior to insertion into the vessel. Also it is believed that it is
hard to predict the expansion forces exerted When it is
released. Another self expanding polymer stent With spring
like resiliency is disclosed in US. Pat. No. 6,245,103 to
Stinson. It also has the disadvantage of requiring the
mechanical restraint of the stent to prevent it from expanding
prior to insertion into the vessel.

numerous medical applications such as stenting of coronary
20

able. It could be made in any siZe or Wall thickness suitable to

the intended application.
25
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enhanced ability to deliver a drug. In addition a temporary
polymer stent could be constructed of a polymeric materials
that is bio -ab sorbable. Alternatively, a permanent stent could
be constructed of a biostable polymer material.

Additionally, this invention applies “Shrink Memory”
technology in a novel Way, for example, in coronary angio
plasty balloon catheter fabrication Wherein the availability of
a catheter of higher compliance and burst strength yet of loW
pro?le Would be of great utility to the medical profession.

siZes can be provided. These can serve, illustratively, to

increase the ?exibility of the device to facilitate delivery to
locations Within the body, such as Within the coronary artery
system, Where tortuous pathWays may exist. In addition the

This hoWever does not preclude its use in other medical areas
such as in peripheral, or cranial vessels, or otherbody cavities
such as bile ducts or kidney lumens or urethral cavities Where

tubular member can be in the form of a continuous helix or

other structure formed by loops or turns of a linear polymeric

material, With a lumen extending throughout.

“Self-expanding polymer stents” might be advantageously
employed in place of stents constructed of other materials
such as steel possibly due to improved biocompatibility or

It should be noted that the “reduced siZe tubular member

With expansion memory” of the present invention, if con
structed in the form of a holloW cylinder, may comprise Walls
Which may be continuous, or discontinuous. For example,
perforations in the Wall With openings or holes of various

arteries, peripheral arteries, cranial arteries, aortic arteries,
biliary ducts, renal ducts, or in any Weakened bodily cavity
Where reinforcement against a tendency to collapse is desir

Such a “reduced siZe tubular member With expansion
memory”, if placed Within a bodily cavity, such as a coronary
artery, and heated or exposed to some energy source, Will self

similar characteristics in Whole or in part might be desirable
and useful.
In accordance With one embodiment of the present inven
tion and as depicted in FIG. 1, a polymer material is ?rst

expand to a predetermined siZe, thereby reinforcing the

extruded or otherWise formed into a continuous tube of a

bodily cavity. The reduced siZe tubular member can be placed
Within the bodily cavity through the use of a suitable delivery

desired length and outside and inside diameter. The type of
polymer is chosen based on the requirements of the device to
be manufactured and its ability to be crosslinked. In addition
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catheter such as a balloon catheter or other means. The

“reduced siZe tubular member With expansion memory”

the polymer should exhibit “shrink memory”. In general,

could be heated, or exposed to some energy source via the

most thermoplastic polymers of su?icient strength for use in
angioplasty balloon catheters (or other forms of dilatation

delivery catheter, for example by circulating a heated ?uid
through the inner lumen of the catheter or by electrically
heating the catheter in the manner disclosed in US. Pat. No.
6,123,718 to Tu et al. In one embodiment it is envisioned that
natural body heat could the energy source for expansion. In
such an eventuality, the “reduced siZe tubular member With
expansion memory”, could be cooled by some means such as

devices) are crosslinkable (possibly With the addition of a
crosslinking agent) and Will exhibit shrink memory to some
degree and are therefore are potentially useable in the present
55

by circulating a cooling liquid Within the lumen of the deliv
ery catheter, until the location is reached Where expansion is

infrared radiation or combinations thereof, of suf?cient

energy dose could be utiliZed to impart crosslinking. The
energy dose required Would depend on the energy source, the

desired. At that point, the cooling means could be WithdraWn
or turned off so that the in?uence of the bodily environment
can heat the “reduced siZe tubular member With expansion
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material being crosslinked and the degree of crosslinking
desired. For example the energy dose, for an electron beam

memory” thereby alloWing it to expand.

energy source, an energy dose in the range of 0.1 to 250

MegaRads is usually suf?cient to crosslink most crosslink
able polymer materials. These methods of imparting

If a balloon catheter is utiliZed as a delivery catheter, the

balloon portion could be utiliZed to assist the expansion of the
“reduced siZe tubular member With expansion memory”.

invention. Depending on the material, crosslinking may be
imparted by using energy such as heat, light or radiation. For
example, hi gh-energy electron beams, gamma rays, UV light,

Such a combination of balloon catheter and the “reduced siZe

crosslinking are described as examples only and are not
intended to be limiting. A person skilled in the art Would

tubular member With expansion memory” might have advan

recogniZe that there are many substantially equivalent meth
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