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[57] ABSTRACT

Polymeric balloon having a burst pressure of at least
200 ps1 (1.4 MPa) and a radial expansion beyond nomi-
nal inflated diameter of less than 5% at 200 psi (1.4
MPa).
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1
BALLOON AND MANUFACTURE THEREOF

Matter enclosed in heavy brackets [ } appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to balloon catheters which are
especially useful in medical dilation procedures.

2. Background

In “Nonoperative Dilation of Coronary-Artery
Stenosts—Percutaneous Transluminal Coronary Angio-
plasty”’, The New England Journal of Medicine, Vol.
301, No. 2, pages 61-68, July 12, 1979, Griintzig et al.
disclose an improved technique for the use of a dilating
catheter to relieve artemal stenosis. According to
Griintzig et al. the technique of transluminal angio-
plasty for the treatment of atherosclerotic obstruction
of the femoral artery was first introduced in 1964 by
Dotter and Judkins.

Balloon catheters are not limited in their use to the
relief of arterial stenosis but have been found useful in
many medical applications involving not only insertion
into blood vessels but also involving insertion into a
variety of body cavities.

Although medical procedures using balloon catheters
are still in the exploratory stage, particularly in the
United States, considerable art is already available on
the use of balloon catheters and their fabrication. Rep-
resentative of such art are U.S. Pat. Nos. 4,093,484,
4,154,244 and 4,254,774. Balloons can be made from a
variety of known materials which are generally of the
thermoplastic polymeric type. Included among the
known materials disclosed in the aforesaid patents are
ethylene-butylene-styrene block copolymers admixed
with low molecular weight polystyrene and, optionally,
polypropylene, and similar compositions employing
butadiene or isoprene in place of the ethylene and butyl-
ene; poly(vinyl chloride); polyurethanes; copolyesters;
thermoplastic rubbers; siliconepolycarbonate copoly-
mers; and ethylene-vinyl acetate copolymers.

It 18 an object of this invention to provide balloons
which exhibit physical properties, for example, tough-
ness, flexibility and tensile strength, superior to those
exhibited by balloons known in the art. A further object
18 to provide balloons which, because of their superior

physical properties, have thinner wall thickness than

commonly used balloons. Another object is to provide
such balloons which, because of their flexibility and thin
walls, are more readily collapsible and more easily
transportable in the body. It is also an object of the
invention to provide such balloons which exhibit very
little elongation or creep radially, collectively referred
to herein as radial expansion, when inflated to the pres-
sure necessary to perform the desired medical proce-
dure. A further object is to provide such balloons
which, if they burst under pressure, burst in the axial
direction to give an axial rupture, thus ensuring atrau-
matic removal, it being well known that a balloon
which bursts in a circumferential direction may provide
fragments which either are removable only with diffi-
culty or are not removable at all nonsurgically. A fur-
ther object is to provide such balloons which, because
of their superior physical properties, can be used in
medical procedures with a greater probability of suc-
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cess. Another object is to provide such balloons which,
because of their superior physical properties, can be
used in medical procedures under conditions not cur-
rently achievable using commonly available balloons.
Still another object is to provide a process for fabricat-
ing such balloons. These and other objects will become
apparent from the following discussion of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s an elevation, in section, showing only the
back half of the mold, balloon, tubing and attendant
hardware of an apparatus which can be used to form the
balloon of the invention from drawn polymeric tubing.

FIG. 2 shows the radial expansion (%) and burst
pressure (psi) of three balloons of the invention (C, D
and E) as compared to the radial expansion (%) and
burst pressure (psi) of two balloons of the art (A and B).

DETAILED DESCRIPTION OF THE
INVENTION

The invention resides in an improved balloon having
an unusual combination of physical properties and
which is especially useful in medical dilation proce-
dures. The invention also resides in a process for fabri-
cating such balloons, and in a dilatation balloon catheter
comprising such an improved balloon.

The process comprises, at a temperature within the
range extending from the second order transition tem-
perature to the first order transition temperature, pref-
erably at a temperature of 84°-99° C., more preferably
86°-96° C., drawing a polymeric, preferably a polyeth-
ylene terephthalate (PET) homopolyester, tubing, hav-
ing a finite length (L.{) and an internal diameter (ID)
which 1s preferably about one-half the outer diameter
(OD), to a length (L2) which ts preferably 3to 6 L, and
thereafter expanding the drawn tubing of internal diam-
eter IDD| and outer diameter OD1 by expanding means to
an internal diameter (ID7) which is preferably 6 to 8 ID
and an outer diameter (OD3) which is preferably about
3 to about 4 OD, followed by cooling the drawn and
expanded tubing to less than its second order transition
temperature, the balloon thus formed having a burst
pressure, that is, the internal pressure at which the bal-
loon bursts, of at least 200 psi (1.4 MPa) and a radial
expansion beyond nominal inflated diameter of less than
5% at 200 psi1 (1.4 MPa), the preferred PET homopoly-
ester, after conversion to tubing and balloon, having an
intrinsic viscosity of 0.8 to 1.1. Such preferred tubing
can be commonly formed by conventional extrusion
techniques from PET homopolyester resin having an
intrinsic viscocity of 1.0 to 1.3 and a density of 1.35 to
1.45. The balloon prepared by the process of this inven-
tion exhibits an unusual combination of film properties,
such as toughness, flexibility and tensile strength. For
example, the balloon of the invention exhibits a burst
pressure of at least 200 psi (1.4 MPa), preferably at least
400 ps1 (2.8 MPa), more preferably at least 500 psi (3.4
MPa) at ambient temperature (20° C.). Moreover, the
balloon of the invention exhibits a radial expansion
beyond nominal inflated diameter of less than 5% when
at a pressure of 200 psi (1.4 MPa) and less than 10%
when at a pressure of 400 psi (2.8 MPa). FIG. 2 herein
depicts burst pressure vs. radial expansion for two bal-
loons (A and B) commonly available commercially and
comprised of poly(vinyl chloride) and for three bal-
loons (C, D and E) of the invention and comprised of
PET homopolyester. Balloons A and C have nominal
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outer diameters of 3.7 mm; balloons B and D, 5.0 mm;
and E, 6.0 mm. The wall thicknesses of A through E
were, respectively, about 0.028, 0.038, 0.028, 0.038, and
0.045 mm. Radial expansion data for the balloons of the
invention were calculated from the well known mem-
brane equation and the ultimate elongation measured on
flat film samples which were similarly biaxially ori-
ented. Similar calculations were made for the poly(vi-
nyl chloride) balloons except that published data were
used for ultimate elongation. It can be seen that the
burst pressures for the balloons of the invention are,
respectively, 3.2, 3.4 and 3.5 times those for the balloons
of the art. Regarding the burst pressure and radial ex-
pansion data reported herein, radial expansion is deter-
mined from the point at which the balloon is pressurized
so as to be free of wrinkles, that is, after being inflated
from its collapsed position to its nominal inflated diame-
ter; a gas pressure of 75-100 psi (0.5-0.7 MPa) 1s re-
quired to reach this first expanded position with the
PET homopolyester balloon of this invention. In gen-
eral, a balloon of higher strength can be produced from
the polymeric tubing by operating at high stretch ratios,
that is, at the upper ends of the draw and expansion
ratios. The balloon thus produced exhibits lower elon-
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gation, which is reflected in lower expansion values at a 25

given inflation pressure, vis-a-vis a balloon produced
under lower stretch conditions.

Intrinsic viscosity is determined herein by means of
ANSI/ASTM D 2857-70 and density, by ASTM D
1505. Burst pressure is determined by a simple labora-
tory procedure whereby one end of the polymeric bal-
loon is sealed off and a pressurized gas is introduced
incrementally into the other end. The inflation pressure
at which the balloon bursts at about 20° C. (ambient
temperature) is referred to herein as the burst pressure.

The process by which the balloon is prepared can be
carried out in a conventional manner with conventional
equipment using a speclalized polymer as the material of
fabrication. For example, the tubing of appropriate
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dimensions and of high molecular weight polymer is 40

first drawn at a suitable temperature from a length L1 to
a length L;. The drawn tubing is then expanded in a
confining apparatus such as depicted in FIG. 1 which is
a part of this specification. As shown therein one end of

the tubing can be filled with a fluid under pressure 45

during the expansion step of the process. The moid has
a cavity of dimensions commensurate with the desired
size of the balloon to be produced. The open end of the

tubing 1s equipped with a suitable fitting so that a pres-

surized fluid can be introduced into the tubing. Any
suitable fluid can be used to pressurize for inflation of
drawn tubing, for example, a gas, such as nitrogen. If
the tubing extends beyond the mold, such as shown in
FIG. 1, use of a restraining means is preferred to main-
tain the dimensions of the tubing in the region outside
the mold while pressure is being applied to the inside
wall of the tubing. The restraining means can be of any
material which i1s nondeformable under the tubing ex-
pansion conditions. After the drawn tubing is positioned
in the mold, heat is applied to raise the tubing tempera-
ture. Similar temperatures can be used for both the
drawing and expanding steps. A suitable temperature is
the range extending from the second order transition
temperature to the first order transition temperature of
the polymer from which the tubing has been fabricated.
For the PET homopolymer demonstrated herein, the
preferred temperature is 84°-99° C., more preferably
86°-96° C. Although PET homopolymer is the only
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polymer demonstrated herein, it ts to be understood that
any high molecular weight polymer that can be ex-
truded into tubing and then drawn and expanded in
general accordance with the aforesaid process i1s opera-
ble, for example, a PET copolyester or even a non-
polyester polymer, provided the resultant balloon ex-
hibits the desired film properties, such as toughness,
flexibility and tensile strength. If the balloon is to be
used in medical procedures involving contact with tis-
sue, the polymeric material of construction should be
tissue compatible.

It is critical to the invention that the intrinsic vis-
cocity, a measure of the molecular weight of the poly-
mer, be high. When the polymer is a homopolyester or
copolyester PET resin, special, but well known, tech-
niques may be employed to increase the molecular
wetght to the necessary level. The most commonly
available PET homopolyester generally has an intrinsic
viscosity of about 0.5 to 0.6, well below the requisite 1.0
to 1.3.

It will be understood by one skilled in the art that
some adjustment in the draw and expansion ratios and
the draw and expansion temperatures, as well as the
intrinsic viscosity (molecular weight) and density, may
be necessary to accommodate the difference in basic
physical properties between the PET homopolyester
exemplified herein and any other polymer used to fabri-
cate the balloon.

One skilled in the art also will understand that, al-
though the tubing drawing step is performed prior to
the tubing expansion step, the latter can be performed
immediately after the drawing of the tubing, or it can be
performed at a later time. Moreover, although the
drawing of the tubing can be performed using any suit-
able drawing means, it conveniently can be effected in
the apparatus depicted in FIG. 1 so that the drawn
tubing 1s already in place to perform the expansion.
Because of the recovery characteristic of shaped poly-
meric structures which are drawn by the procedures
used herein, it may be necessary to maintain axial ten-
sion on the drawn tubing during the expansion step.
Consistent with all the above and readily understand-
able to one skilled in the art, the drawing and expansion
steps can be performed at the same or at different tem-
peratures. The desired temperature can be achieved by
any suitable heat generating means. In actual experi-
ments carried out herein with respect to the use of PET
homopolyester, hot water was employed. Drawing of
the tubing herein was achieved by using the weight of
the mold.

A dilatation balloon catheter comprising the balloon
of the invention can be fabricated by means of conven-
tional techniques, and such a catheter can be used in
accordance with accepted medical procedures.

Following is a description of a representative exam-
ple of the invention. References to FIG. 1 in this exam-
ple are for purpose of describing the cylinder dimen-
sions A, B, C and D, since the embodiment of this exam-
ple is only partially reflected in the figure, as will be
obvious from the description. Tubing (1.5 mm
0D x0.75 mm ID) is inserted into a mold having a
cavity shaped in the form of a cylinder, similar to that
shown in FIG. 1, with ends which taper to smaller
diameter cylinder slightly larger than the tubing OD.
The diameter D of the cavity 15 about 5 mm and its
length A+B+C, about 15 mm. The tubing is pinched
off at the lower end of the mold, and weights are at-
tached to the mold to produce the required axial draw-
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ing about (3 }). The total weight of mold and weights is
about 150 g. The weight of the assembly (mold, tubing
and weights) is supported by the tubing which is fixed at
its upper end by insertion into a tubing fitting. The
assembly is inserted into a liquid medium at 87° C. and
allowed to heat for about 1 minute. During that time
axial orientation occurs because of the weight of the
assembly in the heated liquid supported by the tubing.
About 200 psi (1.4 MPa) of gas pressure is applied to the
tubing, which radially orients the tubing (about 3.33X)
in the mold cavity. This pressurization step lasts about
two minutes, during which there is some additional
axial draw. The assembly is cooled by immersion into a
cold liquid, the pressure is released and the finished
balloon is removed from the mold.

The process of this example was used to produce
balloons having wall thicknesses of about 0.028-0.045
mm and burst strength of 480-525 psi (3.3-3.6 MPa), as
showing in FIG. 2. The failure mode (on bursting) of
such balloons is an elliptically shaped hole having its
major axis substantially along the axial direction.

An alternate fabrication method and one more suit-
able for mass production would utilize a stationary
mold having internal flow passages for hot and cold
fluids. The tubing would be axially oriented to predeter-
mined ratios by a stepper motor rather than by means of
an attached weight. During the radial expansion phase,
additional axial drawing may be required.

I claim:

1. High molecular weight, biaxially oriented, flexible
polymeric balloon having a burst pressure of at least 200
psi (1.4 MPa) and a radial expansion of less than 5% at
200 psi (1.4 MPa).

2. Balloon of claim 1 having a burst pressure of at
least 400 psi (2.8 MPa) and a radial expansion of less
than 10% at 400 pst (2.8 MPa).

3. Balloon of claim 1 having a burst pressure of at
least 500 psi (3.4 MPa) and a radial expansion of less
than 10% at 500 psi (3.4 MPa).

4. Balloon of claim 3 wherein the polymer is a poly-
ethylene terephthalate homopolyester having an intrin-
sic viscosity of 0.8 to 1.1.

5. Process for forming a high molecular weight, biaxi-
ally oriented, flexible polymeric balloon, the process
comprising, at a temperature within the range extending
from the second order transition temperature to the first
order transition temperature, drawing a polymeric tub-

ing having a finite length (1) and an internal diameter
(ID) which is about one-half the outer diameter (OD) to
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(OD3) which is about 3 to 4 OD, following by cooling
the drawn and expanded tubing to less than its second
order transition temperature, said balloon thus formed
having a burst pressure of at least 200 psi (1.4 MPa) and
a radial expansion beyond nominal inflated diameter of
less than 5% at 200 psi (1.4 MPa).

6. Process of claim § wherein the expanding means 1s
pressurized fluid applied to the inside of the tubing.

7. Process of claim 6 wherein the pressurized fluid is
a pressurized gas.

8. Process of claim § wherein the tubing is formed by
extrusion of polyethylene terephthalate homopolyester
resin having an intrinsic viscosity of 1.0 to 1.3 and a
density of 1.35 to 1.45 and the balloon has a burst pres-
sure of at least 400 psi (2.8 MPa).

9. Process of claim 8 wherein the temperature is in the
range 84°-99° C.

10. Process of claim 8 wherein the temperature is in
the range 86°-96° C.

11. Process of claim 8 wherein the tubing drawing
temperature is different from the tubing expanding tem-
perature.

12. Dilatation balloon catheter comprising the bal-
loon of claim 1.

13. Process for forming a high molecular weight, biaxi-
afly oriented, flexible polymeric balloon having a wall
tensile strength of at least 31,714 psi (218.86 MPA), the

process comprising, at a temperature within the range

extending from the second order transition temperature to
the first order transition temperature, drawing a polymeric
tubing having a finite length (L1) and an internal diameter
(ID) to a length (L3) which is 3 to 6 L, and thereafter
expanding the drawn tubing of internal diameter ({D)
and outer diameter (OD)) by expanding means to an inter-
nal diameter (I1D?) which is 6 to 8 ID, followed by cooling
the drawn and expanded tubing to less than its second
order transition temperature.

14. Process of claim 13 wherein the balloon thus formed
has a burst pressure of at least 200 psi (1.4 MPa).

15. Process of claim 13 wherein the expanding means is

pressurized fluid applied to the inside of the tubing.

16. Process of claim 15 wherein the pressurized fluid is a

pressurized gas.

17. Process of claim 13 wherein the polymeric tubing is

formed by extrusion of polyethylene terephthalate homo-
polyester resin having an intrinsic viscosity of 1.0 to 1.3 and

a density of 1.35 10 1.4).
18. Process of claim 13 wherein the tubing drawing

a length (L) which is 3 to 6 L1, and thereafter expand- 50 temperature is different from the tubing expanding tem-

ing the drawn tubing of internal diameter 11Dy and outer
diameter OD by expanding means to an internal diame-
ter (ID;) which is 6 to 8 ID and an outer diameter
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perature.

the process of claim 13.
* * ¥

19. Balloon produced by
x *®
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