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This is an action for patent infringement of United States Patents Nos. B1 4,762,129,
5,156,594; 5,217,482; and 5,395,334 (collectively "the patents-in-suit"). The plaintiffs are the
owner of all rights in the patents-in-suit and the exclusive manufacturer and distributor of
products covered by the patents-in-suit. The defendants are related companies who have

infringed the patents-in-suit by making, using, selling and/or offering for sale balloon catheters

for use in angioplasty and delivery of vascular stents.

PARTIES

2. Plaintiff Boston Scientific Corp. ("BSC") is a Delaware corporation with a principal

place of business in Natick, Massachusetts.
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3. Plaintiff Boston Scientific Scimed, Inc. is a wholly owned subsidiary of BSC and a
Minnesota corporation with a principal place of business in Maple Grove, Minnesota.

4.  Plaintiff Scimed Life Systems, Inc. is a wholly owned subsidiary of BSC and a
Minnesota corporation with a principal place of business in Maple Grove, Minnesota.

5. Plaintiff Schneider (Europe) GmbH is a wholly owned subsidiary of BSC and a Swiss
corporation with a principal place of business in Switzerland.

6. Defendant Johnson & Johnson, Inc. is a New Jersey corporation with a principal place
of business in New Brunswick, New Jersey.

7. Defendant Cordis Corporation is a Florida corporation with a principal place of
business in Hialeah, Florida.

JURISDICTION AND VENUE

8. This action arises under the patent laws of the United States, Title 35 of the United
States Code. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and
1338(a).

9.  Venue is proper in this district under 28 U.S.C. §§ 1391(b), 1391(c) and/or 1400(b).

CLAIM FOR RELIEF

10. U.S. Patent No. 4,762,129 entitled "Dilation Catheter,” a true copy of which is attached
hereto as Exhibit A, duly issued on August 9, 1988. Following reexamination, Reexamination
Certificate B1 4,762,129, also attached as Exhibit A, issued on July 2, 1991.

11. U.S. Patent No. 5,156,594 entitled "Balloon Catheter With Distal Guide Wire Lumen,"
a true copy of which is attached hereto as Exhibit B, duly issued on October 20, 1992.

12. U.S. Patent No. 5,217,482 entitled "Balloon Catheter With Distal Guide Wire Lumen,"

a true copy of which is attached hereto as Exhibit C, duly issued on June 8, 1993.
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13. U.S. Patent No. 5,395,334 entitled "Balloon Catheter With Distal Guide Wire Lumen,"
a true copy of which is attached hereto as Exhibit D, duly issued on March 7, 1995.

14. Plaintiffs are the owner of all right, title and interest in United States Patent Nos.
5,156,594; 5,217,482; and 5,395,334 and the assignee of all rights of B1 4,762,129 by and
through certain exclusive license agreements.

15. The defendants are infringing and have infringed, and contributed to and induced
infringement of, one or more claims of the patents-in-suit by, without limitation, making, using,
selling and/or offering for sale rapid exchange catheter systems including the Bx VELOCITY™
Rx Balloon Expandable Stent System. The defendants’ infringement has been and continues to
be willful and deliberate with respect to one or more of the patents-in-suit.

16. As aresult of the defendants’ infringement, the plaintiffs will suffer severe and
irreparable harm, unless that infringement is enjoined by this Court, and have suffered
substantial damages.

WHEREFORE, the plaintiffs request that this Court:

1. Permanently enjoin the defendants, their officers, directors, employees, agents, licensees,
successors, and assigns, and all persons in concert with them, from further infringement of the

patents-in-suit;
2. Award the plaintiffs compensatory damages under 35 U.S.C. § 284,
3. Treble the damages assessed under 35 U.S.C. § 284,

4. Adjudge this case an exceptional case and award the plaintiffs their costs and reasonable

attorney’s fees pursuant to 35 U.S.C. § 285; and

5. Award the plaintiffs such other relief as the Court deems just and proper.
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PLAINTIFFS CLAIM A TRIAL BY JURY ON ALL ISSUES SO TRIABLE

Dated: February 14, 2002

WASHINGTON 151507v1

BOSTON SCIENTIFIC CORP.,
BOSTON SCIENTIFIC SCIMED, INC,,
SCIMED LIFE SYSTEMS, INC, and
SCHNEIDER (EUROPE) GMBH

By their attorneys,

William F. Lee (BBO #291960)
Dominic E. Massa (BBO #564694)
Hale and Dorr LLP

60 State Street

Boston, Massachusetts 02109
(617) 526-6000

William G. McElwain (BBO #332510)
Hale and Dorr LLP

1455 Pennsylvania Avenue NW
Washington DC 20008

(202) 942-8400
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[57] ABSTRACT

A dilatation catheter, in particular for expanding con-
strictions in coronary vessels, includes a balloon (2)
capable of being enlarged by injecting a fluid through a
tube (3). The tube (3) is arranged laterally offset from a
segment of flexible tubing (7) by which a passage (8) for
a guide wire (1) is formed in the balloon (2).

7 Claims, 1 Drawing Sheet
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1
DILATATION CATHETER

BACKGROUND OF THE INVENTION

The invention relates to a dilatation catheter having a
tube the operative end of which opens into an expand-
able balloon and a segment of flexible tubing traversing
the balloon, sealingly connected to the distal end of the
balloon, and capable of being threaded by a guide wire,

Such a dilatation catheter is described in The Ameri-
cah Journal of Cardiology, Vol. 49, Apr. 1, 1982, pages
1216 to 1222, and is employed to enlarge constrictions
in vessels and body cavities, in particular coronary
arteries. At the tip of such a dilatation catheter, an in-
flatable balloon is disposed, capable of being filled or
emptied by way of a lumen inside the catheter.

In the known dilatation catheter, a tube is provided
that passes over into a balloon at its anterior end.
Through the interior of the balloon and the tube, in the
known dilatation catheter, a flexible tube extends, pro-
jecting beyond the anterior end of the balloon and seal-
ingly connected to the anterior end of the balloon.
Through the inside of the flexible tube, a guide wire is
passed, capable of being displaced relative to the bal-
loon during the operation, so that the dilatation catheter
can be advanced or retracted along the guide wire.
When replacing a dilatation catheter applied with the
aid of a guide catheter, it is necessary that the guide
wire protrude from the patient’s body by a length
greater than the length of the dilatation catheter with
tube. For this reason, manipulation of the known dilata-
tion catheter is difficult, especially since the forces of
friction between the guide wire and the flexible tubing
passing all the way through the balloon and the tube are
great.

SUMMARY OF THE INVENTION

Departing from this prior art, the object of the inven-
tion is to create a dilatation catheter that can be passed
easily along a guide wire and simply and easily replaced
by another dilatation catheter.

This object is accomplished, according to the inven-
tion, in that the proximal end of the balloon is likewise
sealingly attached to the length of flexible tubing, and in
that the tube opens into the interior of the balloon later-
ally displaced from the segment of tubing.

Since the segment of tubing coming into contact with
the surface of the gnide wire is only about as long as the
balloon and the tube no longer encloses the guide wire
and the guide tubing enclosing it, manipulation of the
dilatation catheter is facilitated. Control is improved
because of the absence of frictional forces in a long
segment of guide tubing. Furthermore, owing to the
comparative shortness of the length of tubing, the guide
wire need no longer protrude from the patient’s body
by about the same length as the length of the dilatation
catheter.

Suitable embodiments and refinements of the inven-
tion are described elsewhere in the present application.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be illustrated with reference
to the embodiment represented in the drawing by way
of example. In the drawing,
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2

FIG. 1 shows the anterior portion of the dilatation
catheter according to the invention, with tube opening
into the balloon,

FIG. 2 shows a cross section of a dilatation catheter
in the region of the tube, passing alongside the guide
wire, and

FIG. 3 shows a cross section of the dilatation catheter
in the region of a gold marker in the balloon.

In FIG. 1, the anterior portion of a dilatation catheter
is represented, to be advanced with the aid of a guide
catheter not shown in the drawing, having a diameter of
some millimeters and a length of about one meter, for
example from a patient’s right groin throughout the
length of the artery to the aorta and the coronary arter-
jes. Through the guide catheter not shown in the draw-
ing, first a guide wire 1 is advanced into the correspond-
ing coronary. A segment of the guide wire 1, which is
about 1 m in length, may be seen in FIG. 1. The guide
wire 1 serves as instrumentation track to guide the dila-
tation catheter.

The dilatation catheter has a balloon tube and a tube
3, shown cut away in FIG. 1 and likewise on the order
of 1 m in length.

FIG. 2 shows a section of the guide wire 1 and tube
3. The tube 3 serves firstly to transmit thrusts and ten-
sions for pushing the balloon 2 to and fro and rotating it
on the guide wire 1. For this reason, it is desirable for
the tube 3 to be reinforced by a stabilizing wire 4 in the
manner shown in FIGS. 1 to 3. Besides its function of
transmitting forces, the tube 3 serves for injection of
fluids into the interior 5 of the balloon 2 and for aspira-
tion of fluids when the diameter of the balloon is to be
decreased.

As may be seen in FIG. 1, the balloon consists of an
envelope 6 and a length of flexible tubing 7, so that the
balloon 2 has a passage 8 sealed off from the interior 5
of the balloon, The balloon passage 8 enables the bal-
loon 2 to be thrust onto the guide wire 1 and thereby
guided along the guide wire 1.

In FIG. 3, the substantially annular cross section of
the balloon 2 is seen, together with the balloon passage
8 through which the guide wire 1 extends. For good
transmission of the forces exerted upon the tube 3 to the
balloon 2, the stabilizing wire 4 extends into the neigh-
borhood of the distal end 9 of the balloon 2.

As is clearly seen in FIG. 1, at the distal end 9 of the
balloon 2 the envelope 6 takes the form of a length of
flexible tubing 10, tightly connected to the distal end of
the segment of tubing 7. Similarly, the envelope 6 termi-
nates at the proximal end in a segment of tubing 11,
sealingly connected firstly to the proximal end of seg-
ment 7 and secondly to the tube 3,

The operative end 12 of tube 3, pointing to the right
in FIG. 1, terminates in a taper 13 fixed to the tubing 7.
Both in the taper 13 and elsewhere at the operative end
12, radial openings 14 are provided in the tube 3,
whereby fluid injected into the tube 3 can pass from the
tube 3 into the interior 5 of the balloon 2.

In FIGS. 1 and 3, gold stripes 15 and 16 are addition-
ally represented, serving to mark the location of the
dilatation catheter in X-ray views.

In FIG. 3, we see a cross section of the balloon 2 in
the region of the gold strip 15. The tube 3 with its inner
lumen 17 and the segment of tubing 7 with balloon
passage 8 are made in one piece in the region shown in
FIG. 3, so that the gold stripe 15 assumes a substantially
oval form rather than that of a figure-eight.
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The guide wire 1 may have a central lumen, not
shown in the drawing, for pressure measurement or to
contain a contrast medium. To minimize frictional resis-
tance between the interior of the balloon passage 8 and
the surface of the guide wire 1, the inside of the tubing
segment 7, reinforced by the stabilizing wire 4, and/or
the top of the guide wire 1 may be provided with a
lubricant coating,.

For dilatation of coronary vessels, first the guide wire
1 is introduced through the guide catheter into the
proper coronary artery. The guide wire 1 lies freely in
the guide catheter and so may be conveniently rotated
and controlled. For anatomical orientation, adequate
additional doses of contrast medium may be supplied.
When the guide wire 1 has passed the constriction in the
coronary artery, the tip of the guide wire 1 remains on
the far side of the stenosis in the coronary vessel. At this
point, and not until, the dilatation catheter according to
the invention i3 thrust onto the guide wire 1 outside the
body and advanced through the guide catheter along
the track formed by the guide wire 1 into the coronary
artery and under the constriction. If the balloon 2 is to
be replaced during the operation by a balloon 2 of larger
size, it is a simple matter to retract the dilatation cathe-
ter according to the invention, leaving the anterior end
of the guide wire 1 in the coronary vessel and permit-
ting secure advancement of the replacement balloon
with no need to overcome much friction or to relocate
the stenosis a second time. If deficient stability of the
result of dilatation is suspected, the guide wire 1 may
even be left in place for several hours, with a view to
renewed dilatation at a later time. The distal end 9 of the
dilatation catheter is flattened in the manner described
above for better insertability into vascular constrictions.

The invention permits the provision of balloons of
various lengths, widths and wall thicknesses to accom-
modate various pressures, and they may be inter-
changed with ease. Depending on medical require-
ments, the dilatation catheters are equipped with tubes 3
of varying weight and flexibility, admitting of differen-
tial advance. For larger dilatation catheters, an addi-
tional inner lumen, not shown in the drawing, is pro-
vided, its anterior end extending to the distal end 9 of
the balloon 2 and communijcating with the interior of
the vessel inside the patient’s body. In this way, pressure
measurements and injections of contrast medium may
be performed. The guide wires 1 of a complete instru-
mentarium are likewise of different weights and flexibil-
ities, The guide wires 1 have soft, flexible tips, which
may be shorter or longer, as well as straight or bowed.,
If no additional inner lumen is provided in the balloon,
a central lumen as above mentioned may be provided in
the puide wires for pressure measurements and injec-
tions of contrast medium.

I claim:

1. A dilatation catheter comprising an expandable
balloon having distal and proximal ends, a first, rela-
tively long, elongated hollow tube having distal and
proximal ends and opening adjacent its distal end into
the interior of the expandable balloon, the first tube
being sealingly connected to the proximal end of the
balloon, and a second, relatively short, elongated hol-
low tube integral with said first tube, having distal and
proximal ends and a lumen extending between said ends
of uniform cross section along its length and free of
obstructions adapted to receive a guide wire in a sliding
fit, the second tube traversing the interior of the ex-
pandable balloon from the distal end to the proximal
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end of the balloon and being sealingly connected to the
distal end of the balloon, and the second tube terminat-
ing at its proximal end substantially distally of the proxi-
mal end of the first tube in an aperture open to the
exterior of the catheter,

said first tube having sufficient stiffness that the sec-

ond tube and expandable balloon can readily be
advanced or withdrawn together in use along the
guide wire by exerting a pushing or pulling force
upon the first tube, in combination with an elon-
gated guide wire.

2. The combination of claim 1 wherein the guide wire
is provided with a central lumen for pressure measure-
ment and/or injection of contrast medium.

3. The combination of claim 1 wherein the first tube
is reinforced by means of a longitudinally-extending
stabilizing means,

4. A dilatation catheter comprising an expandable
balloon having distal and proximal ends, a first, rela-
tively long, elongated hollow tube having distal and
proximal ends and opening adjacent its distal end into
the interior of the expandable balloon, the first tube
being sealingly connected to the proximal end of the
balloon, and a second, relatively short, elongated hol-
low tube integral with said first tube, having distal and
proximal ends, and adapted to receive a guide wire in a
sliding fit, the second tube traversing the interior of the
expandable balloon from the distal end to the proximal
end of the balloon and being sealingly connected to the
distal end of the balloon, and the second tube terminat-
ing at its proximal end substantially distally of the proxi-
mal end of the first tube in an aperture open to the
exterior of the catheter,

said first tube having sufficient stiffness that the sec-

ond tnbe and expandable balloon can readily be
advanced or withdrawn together in use along the
guide wire by exerting a pushing or pulling force
upon the first tube,

in combination with an elongated guide wire.

5. A method for opening a constricted region in the
vascular system of a patient comprising the steps of:

(2) providing an elongated guide wire and a dilatation

catheter comprising an expandable balloon having
distal and proximal ends, a first, relatively long,
elongated hollow tube having distal and proximal
ends and opening adjacent its distal end into the
interior of the expandable balloon, the first tube
being sealingly connected to the proximal end of
the balloon, and a second, relatively short, elon-
gated hollow tube integral with said first tube,
having distal and proximal ends, and adapted to
receive said guide wire in a sliding fit, the second
tube traversing the interior of the expandable bal-
loon from the distal end to the proximal end of the
balloon and being sealingly connected to the distal
end of the balloon, and the second tube terminating
at its proximal end substantially distally of the
proximal end of the first tube in an aperture open to
the exterior of the catheter, said first tube having
sufficient stiffness that the second tube and expand-
able balloon can readily be advanced or withdrawn
together in use along the guide wire by exerting a
pushing or pulling force upon the first tube;

(b) inserting said gunide wire into the vascular system

of the patient;

(c) positioning said catheter so that said guide wire is

in a sliding fit within said second elongated hollow
tube;
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(d) advancing said catheter along said guide wire into
and within said vascular system, with said expand-
able balloon in an unexpanded condition, until said
expandable balloon is situated within said con-
stricted region; -

(e) expanding the expandable balloon to open the
constricted region;

(f) contracting the expandable balloon; and

(g) withdrawing said catheter and said guide wire
from the body of the patient.

6. A method for opening a constricted region in the

vascular system of a patient comprising the steps of:

(a) providing an elongated guide wire and a dilatation
catheter comprising an expandable balloon having
distal and proximal ends, a first, relatively long,
elongated hollow tube having distal and proximal
ends and opening adjacent its distal end into the
interior of the expandable balloon, the first tube
being sealingly connected to the proximal end of
the balloon, and a second, relatively short, elon-
gated hollow tube integral with said first tube,
having distal and proximal ends and a lumen ex-
tending between said ends of uniform cross section
along its length and free of obstructions adapted to
receive a guide wire in a sliding fit, the second tube
traversing the interior of the expandable balloon
from the distal end to the proximal end of the bal-
loon and being sealingly connected to the distal
end of the balloon, and the second tube terminating
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at its proximal end substantially distally of the
proximal end of the first tube in an aperture open to
the exterior of the catheter, said first tube having
sufficient stiffness that the second tube and expand-
able balloon can readily be advanced or withdrawn
together in use along the guide wire by exerting a
pushing or pulling'force upon the first tube,

with said second eclongated hollow tube being
adapted to receive said guide wire in a sliding fit;

(b) inserting said guide wire into the vascular system
of the patient;

(c) positioning said catheter so that said guide wire is
in a sliding fit within said second elongated hollow
tube;

(d) advancing said catheter along said guide wire into
and within said vascular system, with said expand-
able balloon in an unexpanded condition, until said
expandable balloon is situated within said con-
stricted region;

(¢) expanding the expandable balloon to open the
constricted region;

(f) contracting the expandable balloon; and

(g) withdrawing said catheter and said guide wire
from the body of the patient.

7. A method of claim 6 wherein the first tube is rein-

forced by means of a longitudinally-extending stabiliz-
ing means.
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 UNITED STATES PATENT AND TRADEMARK OFFICE
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DATED - - August 9, 1988

INVENTOR(S) : Tassilo Bonzel

It is certified that error. appears m the above-identified patent and that said Letters Patent is hereby
- corrected-as shown below

Change column 4, .lines 10 and 11, from

" upon the first tube, in combination with an elon-

gated guide wire." to

—— upon the first tube,
in combination with an elongated guide wire.--

Signed and Sealed this
Twenty-ninth Day of November, 1988_

Attest:

DONALD 1. QUIGG . .

Attesting Oﬁ‘icer _ " Conmissi of Patents and Trademarks
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[571 ABSTRACT

A dilatation catheter, in particular for expanding con-
strictions in coronary vessels, includes a balloon (2)
capable of being enlarged by injecting a fluid through a
tube (3). The tube (3) is arranged laterally offset from a
segment of flexible tubing (7) by which a passage (8) for
a guide wire (1) is formed in the balloon (2).
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REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
- to the patent.

AS A RESULT OF REEXAMINATION, IT HAS
BEEN DETERMINED THAT:

Claim 2 is cancelled.

Claims 1 and 3-7 are determined to be patentable as
amended.

"New claims 8-27 are added and determined to be
patentable. :

1. A dilatation catheter comprising an expandable
balloon having distal and proximal ends, wherein the
balloon is elongated in the longitudinal direction of the
dilatation catheter and exhibits, upon expansion, a sub-
stantially cylindrical central working portion between said
distal and proximal ends, a first, relatively long, elon-
gated hollow tube having distal and proximal ends and
opening adjacent its distal end into the interior of the

5

25

30

expandable balloon, the first tube being sealingly con-

nected to the proximal end of the balloon, and a second,
relatively short, elongated hollow tube integral with
said first tube, having distal and proximal ends and a
lumen extending between said ends of uniform cross
section along its entire length and free of obstructions
adapted to receive a guide wire in a sliding fit, the sec-
. ond tube traversing the interior of the expandable bal-
loon from the distal end to the proximal end of the
balloon and being sealingly connected to the distal end
of the balloon, and the second tube terminating at its
proximal end substantially distally of the proximal end
-of the first tube in an aperture open to the exterior of the
catheter,
said first tube having sufficient stiffness that the sec-
ond tube and expandable balloon can readily be
advanced or withdrawn together in use along the
guide wire by exerting a pushing or pulling force
upon the first tube, [in combination with an elon-
gated guide wire] :
in combination with an elongated guide wire received in a
sliding fit within said second hollow tube,
said guide wire having a proximal portion and a distal
 portion with a flexible tip, and having sufficient stiff-
ness that it can readily be advanced in use distally
through a body lumen by exerting a pushing force
upon its proximal portion, with the proximal end of
said elongated guide wire adapted to be readily slid
into and out of the distal end of said second hollow
tube during a dilatation procedure.
3. The combination of claim [1} & wherein the first
‘hollow tube is reinforced by means of [aJ an integral
non-removable  longitudinally-extending  stabilizing

means. - .

4. A dilatation catheter comprising an expandable
balloon having distal and proximal ends, wherein the
balloon is elongated in the longitudinal direction of the
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2

dilatation catheter and: exhibits, upon expansion, a sub-
stantially cylindrical central working portion between said
distal and proximal ends, a first, relatively long, elon-
gated hollow tube having distal and proximal ends and
opening adjacent its distal end into the interior of the
expandable balloon, the first tube being sealingly con-
nected to the proximal end of the balloon, and a second,

relatively short, elongated hollow tube integral with

said first tube, having distal and proximal ends, and
“adapted 1o receive a guide wire in a sliding fit, the sec-
ond tube traversing the interior of the expandable bal-
loon from the distal end to the proximal .end of the
balloon and being sealingly connected to the distal end
of the balloon, and wherein the shortest distance between
the substantially cylindrical working surface of the balloon
upon expansion and the outer surface of the second elon-
gated hollow tube is substantially greater than the width in
cross-section of the second elongated hollow tube, and the
second tube terminating at its proximal end substantially
distally of the proximal end of the first tube in an aper-
ture open to the exterior of the catheter,’

said first tube having sufficient stiffness that the sec-

ond tube and expandable balloon can readily be
advanced or withdrawn together in use along the
guide wire by exerting a pushing or pulling force
upon the first tube,
in combination with an elongated guide wire received in
a sliding fit within said second hollow tube,
said guide wire having a proximal portion and a distal
" portion with a flexible tip, and having sufficient stiff-
ness that it can readily be advanced in use distally
through a body lumen by exerting a pushing force
upon its proximal portion, with the proximal end of
said elongated guide wire adapted to be readily slid
into and out of the distal end of said second hollow
- tube during a dilatation procedure.

5. A method for opening a [constricted region]
constriction in the vascular system of a patient compris-
ing the steps oft

(a) providing an eldngated guide wire having distal

_“and proximal ends and a dilatation catheter com-

prising an expandable balloon having distal and
proximal ends, a first, relatively long, elongated
hollow tube having distal and proximal ends and
opening adjacent its distal end into interior of the
expandable balloon, the first tube being sealingly
connected to the proximal end of the balloon, and
a second, relatively short, elongated hollow tube
integral with said first tube, having distal and proxi-
mal ends, and adapted to receive said guide wire in
a sliding fit, the second tube traversing the interior
of the expandable balloon from the distal end to the
proximal end of the balloon and being sealingly
connected to the distal end of the balloon, and the
second tube terminating at its proximal end sub-
stantially distally of the proximal end of the first
tube in an aperture open to the exterior of the cath-

eter, said first tube having sufficient stiffness that -

the second tube and expandable balloon can readily
be advanced or withdrawn together in use along
_the guide wire by exerting a pushing or pulling
force upon the first tube;
(b) inserting said guide wire into the vascular system
of the patient;
(c) then positioning said catheter over the proximal end
of said guide wire so that said guide wire is in a
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sliding fit within said second elongated hollow
tube;

(d) advancing said catheter along said guide wire into
and within said vascular system, with said expand-
able balloon in an unexpanded condition, until said
expandable balloon is situated within said [con-
stricted region] constriction;

(¢) expanding the expandable balloon situated within

-'said constriction to open the [constricted region]
constriction during the expansion of the balloon by the
compressive force of the expanding balloon against
said constriction;

(f) contracting the expandable balloon while within the
site of the opened constriction, said site remaining
opened after the expandable balloon is contracted;
and thereafter

(g) withdrawing said catheter and said guide wire
from the body of the patient.

6. A method for opening a [constricted region]
constriction in the vascular system of a patient compris-
ing the steps of:

(a) providing an elongated guide wire having distal
and proximal ends and a dilatation catheter com-
prising an expandable balloon having distal and
proximal ends, a first, relatively long, elongated
hollow tube having distal and proximal ends and
opening adjacent its distal end into the interior of
the expandable balloon, the first tube being seal-
ingly connected to the proximal end of the balloon,
and a second, relatively short, elongated hollow
tube integral with said first tube, having distal and

_proximal ends and a lumen extending between said
ends of uniform cross section along its length and
free of obstructions adapted to receive a guide wire
in a sliding fit, the second tube traversing the inte-
rior of the expandable balloon from the distal end
to the proximal end of the balloon and being seal-
ingly connected to the distal end of the balloon,

—

0
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20

35

and the second tube terminating at its proximal end

substantially distally of the proximal end of the first
tube in an aperture open to the exterior of the cath-
eter, said first tube having sufficient stiffness that
the second tube and expandable balloon can readily
be advanced or withdrawn together in use along
the guide wire by exerting a pushing or pulling
force upon the first tube,

with said second elongated hollow tube being adapted

to receive said guide wire in a sliding fit;

(b) inserting said guide wire into the vascular system
of the patient;

(c) then positioning said catheter over the proximal end
of said guide wire so that said guide wire is in a
sliding fit within said second elongated hollow
tube;

(d) advancing said catheter along said guide wire into
and within said vascular system, with said expand-
able balloon in an unexpanded condition, until said
expandable balloon is situated within said [con-
stricted region] constriction;

(¢) expanding the expandable balloon situated within
said constriction 1o open the [constricted region]
constriction during the expansion of the balloon by the
compressive force of the expanding balloon against
said constriction;

() contracting the expandable balloon while within the
site of the opened constriction, said site remaining
opened after the expandable balloon is contracted;
and thereafter

40.

45

50

55

60

65

5

4

(g) withdrawing said catheter and said guide wire

from the body of the patient. :

7. [AJ The method of claim 6 wherein the first tube
is reinforced by means of a longitudinally-extending
stabilizing means.

8. The combination of claim 4 wherein said elongated
guide wire is a steerable guide wire.

9. The method of claim 5 wherein the expandable bal-
loon is elongated in the longitudinal direction of the dilata-
tion catheter and exhibits, upon expansion, a substantially
cylindrical central working portion between the distal and
proximal ends of said balloon. :

10. The method of claim 5 wherein the first hollow tube
is reinforced by means of an integral non-removable lon-
gitudinally-extending stabilizing means.

11. A coronary angioplasty dilatation catheter adapted
for use in a coronary angioplasty procedure and dimen-
sioned and configured for opening a constriction in a coro-
nary artery, comprising an expandable balloon of a suit-
able material for opening said constriction by the exertion
of compressive force when the balloon is expanded within
said constriction during a coronary angioplasty procedure
having distal and proximal ends, a first, relatively long,
elongated hollow tube having distal and proximal ends and
opening-adjacent its distal end into the interior of the ex-
pandable balloon, the first tube being sealingly connected
to the proximal end of the balloon, and a second, relatively
short, elongated hollow tube integral with said first tube,
having distal and proximal ends, and adapted to receive a
coronary angioplasty guide wire in a sliding fit, the second
tube traversing the interior of the expandable balloon from
the distal end to the proximal end of the balloon and being
sealingly connected to the distal end of the balloon, and the
second tube terminating at its proximal end substantially
distally of the proximal end of the first tube in an aperture
open to the exterior of the catheter,

said first tube having sufficient stiffness that the second

tube and expandable balloon can readily be advanced

or withdrawn together in use along the guide wire by

exerting a pushing or pulling force upon the first tube,
in combination with an elongated coronary angioplasty
guide wire received in a sliding fit within said second hol-
low tube,

said guide wire having a proximal portion and a distal

portion with a flexible tip, and said guide wire adapted

to be advanced during a coronary angioplasty proce-

dure, by the manipulation of o portion of said guide

wire extending from the body of a patient in the region

of the groin, through the arterial system including the

aorta into said coronary artery and across said con-
striction so that the distal tip of said guide wire is

disposed on the far side of said constriction, and fur-

ther adapted to guide said coronary angioplasty dila-

tation catheter through said arterial system into said

coronary artery, and with the proximal end of said

guide wire adapted to be readily slid into and out of
the distal end of said second hollow tube during a

coronary angioplasty procedure.

12. The combination of claim 11 wherein said coronary
angioplasty guide wire has a solid, non-hollow cross-section
in at least one transverse plane taken through said guide
wire at a location displaced from the distal tip of said guide
wire.

13. The combination of claim 11 wherein the expand-
able balloon is elongated in the longitudinal direction of
the dilatation catheter and exhibits, upon expansion, a
substantially cylindrical central working portion berween
said distal and proximal ends of said balloon.
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14. The combination of ¢laim 11 wherein said dilatation
catheter is about one meter in length. .

15. The combination of claim 11 wherein said coronary
angioplasty guide wire has a flexible, bowed distal tip.

16. The combination of claim 11 wherein said second
tube has a lumen extending between said distal and proxi-
mal ends of said second tube of uniform cross section along
its entire length and free of obstructions.

17. A method for opening a constriction in the vascular
system of a patient, including the operation of readily
exchanging dilatation catheters, comprising the steps of:

(@) providing an elongated guide wire having distal and

proximal ends and a first dilatation catheter compris-
ing an expandable balloon having distal and proximal
ends, ‘a first, relatively long, elongated hollow tube
-having distal and proximal ends and opening adjacent
its distal end into the interior of the expandable bal-
loon, the first tube being sealingly connected to the
proximal end of the balloon, and a second, relatively
short, elongated hollow tube integral with said first
tube, having distal and proximal ends, and adapted to
receive said guide wire in a sliding fit, the second tube

traversing the interior of the expandable balloon from

the distal end to the proximal end of the balloon and
being sealingly connected to the distal end of the bal-
loon, and the second tube terminating at its proximal
end substantially distally of the proximal end of the
first tube in an aperture open to the exterior of the
catheter, said first tube having sufficient stiffness that
the second tube and expandable balloon can readily
be advanced or withdrawn together in use along the
guide wire by exerting a pushing or pulling force upon
the first tube;

(b) inserting said guide wire and said first dilatation
catheter into the vascular system of the patient so that

35

the distal tip of said guide wire has passed to the far

side of the constriction and the length of the guide wire
protruding from the body of the patient is less than the
Jull length of the dilatation catheter, and said guide
wire is in a sliding fit within said second elongated
hollow tube;

(¢) withdrawing said first dilatation catheter from the
body of the patient while maintaining said guide wire
in said vascular system with its distal tip on the far
side of said constriction; .

(@) then positioning a second dilatation catheter as de-
-scribed in step (a) over the proximal end of said guide
wire so that said guide wire is in a sliding fit within the
second elongated hollow tube of said second dilatation
catheter;

(¢) advancing said second dilatation catheter along said
guide wire into and within said vascular system, with
its expandable balloon in an unexpanded condition,
until said expandable balloon is situated within said
constriction;

() expanding the expandable balloon situated within
said constrictioni to open the constriction during the
expansion of the balloon by the compressive force of
the expanding balloon against said constriction;

(g) contracting the expandable balloon while within_the

_ site of the opened constriction, said site remaining

. opened after the expandable balloon is contracted;
and thereafter :

(h)-withdrawing said second dilatation catheter and said
guide wire from the body of the patient.

18. The method of claim 17 wherein the expandable

balloon of said second dilatation catheter.is differentin size

45
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Jfrom the expandable balloon of said first dilatation cathe-
ter. '

19. The method of claim 18 wherein the expandable
balloon of said second dilatation catheter is larger in size
than the expandable balloon of said first dilatation cathe-
ter.

20. The method of claim 17 wherein said vascular sys-
tem is the arterial system and said constriction is in a
coronary artery, wherein said first and second dilatation
catheters are coronary angioplasty dilatation catheters, and
wherein said guide wire is a coronary angioplasty guide
wire.

21. The method of claim 20 wherein in said step (b) said
coronary angioplasty guide wire is inserted into said arte-
rial system in the region of the groin through a guiding
catheter and wherein said first coronary angioplasty dilata-
tion catheter is advanced along said guide wire through
said arterial system through said guiding catheter..

22. A coronary angioplasty dilatation method for open-
ing a constriction in @ coronary artery of a patient compris-
ing the steps of:

(@) providing an élongated coronary angioplasty guide
wire having distal and proximal ends and a coronary
angioplasty dilatation catheter comprising an expand-
able balloon having distal and proximal ends, wherein
the balloon is elongated in the Iongitudinal direction
of the dilatation catheter and exhibits, upon expan-
sion, a substantially cylindrical central working por-
tion between said distal and proximal ends, a first,
relatively long, elongated hollow tube having distal
and proximal ends and opening adjacent its distal end
into the interior of the expandable balloon, the first
tube being sealingly connected to the proximal end of
the balloon, and a second, relatively short, elongated
hollow tube integral with said first tube, having distal
and proximal ends, and adapted to receive said guide

_wire in a sliding fit, the second tube traversing the
interior of the expandable balloon from the distal end
to the proximal end of the balloon and being sealingly
connected to the distal end af the balloon, and the
second tube terminating at its proximal end substan-
tially distally of the proximal end of the first tube in
an aperture open to the exterior of the catheter, -said
first tube having sufficient stiffness that the second:
tube and expandable balloon can readily be advanced:- .
or withdrawn together in use along the guide wire by.. -
exerting a pushing or pulling forcé upon the first tube; -

(b) inserting said guide wire into the arterial system of - .
the patient and advancing said guide.wire, by the..

manipulation of a portion of said guide wire extending. . -

from the body of the patient, through said arterial
system, including the aorta, into said coronary:artery
and across said constriction so that the distal tip of
said guide wire is disposed on the far side of said
constriction;

(¢) then positioning said catheter over the proximal end
of said guide wire so that said guide wire is in a sliding
fit within said second elongated hollow tube;

(d) advancing said catheter along said guide wire into
and within said vascular system, with said expandable
balloon in an unexpanded condition, until said ex-
pandable balloon is situated within said constriction;

(€) expanding the expandable balloon situated within
said constriction to open the constriction during the
expansion of the balloon by the compressive force of
the expanding balloon against said constriction;

(/) contracting the expandable balloon while within the
site of the opened constriction, said site remaining
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opened after the expandable balloon is contracted;
and thereafter

(g) withdrawing said catheter and said guide wire from

the body of the patient.

23. The method of claim 22 wherein in said step (b) said 5
coronary angioplasty guide wire Is inserted into said arte-
rial system through a guiding catheter and wherein said
dilatation catheter is advanced along said guide wire
through said arterial system through said guiding catheter.

24, The method of claim 22 wherein said elongated 10
coronary angioplasty guide wire provided in step (a) has a.
solid, non-hollow cross-section in at least one transverse
plane taken through said guide wire at a location displaced
from the distal tip of said guide wire.

o 25. The method of claim 22 wherein in said step (b) said 15
guide wire is inserted into the arterial system in the region

of the groin and is advanced therefrom through said arte-
rial system into said coronary artery.

26. The method of claim 25 wherein in said step (b) said
coronary angioplasty guide wire is inserted into said arte- 20
rial system through a guiding catheter and wherein in said
step (d) said coronary angioplasty dilatation catheter is
advanced along said guide wire through said arterial sys-
tem through said guiding catheter.

27. A coronary angioplasty dilatation catheter adapted 25
for use in a coronary angioplasty procedure and dimen-
sioned and configured for opening a constriction in a coro-
nary artery, comprising an expandable balloon of a suit-
able material for opening said constriction by the exertion
of compressive force when the balloon is expanded within 30
said constriction during a coronary angioplasty procedure
having distal and proximal ends, a first, relatively long,
elongated hollow tube having distal and proximal ends and
opening adjacent its distal end into the interior of the ex-

8

pandable balloon, the first tube being sealingly connected
to the proximal end of the balloon, and a second, relatively
short, elongated hollow tube integral with said first tube,
having distal and proximal ends, and adapted to receive a
coronary angioplasty guide wire in a sliding fit, the second
tube traversing the interior of the expandable balloon from
the distal end to the proximal end of the balloon and being
sealingly connected to the distal end of the balloon, and the
second tube terminating at its proximal end substantially
distally of the proximal end of the first tube in an aperture
open to the exterior of the catheter,
said first tube having sufficient stiffness that the second
tube and expandable balloon can readily be advanced
or withdrawn together in use along the guide wire by
exerting a pushing or pulling force upon the first tube,
in combination with an elongated coronary angio-
plasty guide wire received in a sliding fit within said
second hollow tube,
said guide wire having a proximal portion and a distal
portion with a flexible tip, and said guide wire adapted
to be advanced during a coronary angioplasty proce-
dure, by the manipulation of a portion of said guide
wire extending from the body of a patient, through the
arterial system including the aorta into said coronary
artery and across said constriction so that the distal tip
of said guide wire is disposed on the far side of said
constriction, and further adapted to guide said coro-
nary angioplasty dilatation catheter through said arte-
rial system into said coronary artery, and with the
proximal end of said guide wire adapted to be readily
slid into and out of the distal end of said second hol-

low tube during a coronary angioplasty procedure.
* * ] & L]
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BALLOON CATHETER WITH DISTAL GUIDE
WIRE LUMEN

BACKGROUND OF THE INVENTION

The present invention relates to the field of angio-
plasty. In particular, the present invention relates to a
dilatation balloon catheter of the “over-the-wire” type
having a relatively short distal guide wire lumen ex-
tending through the balloon of the catheter.

Angioplasty procedures have gained wide accep-
tance in recent years as efficient and effective methods
for treating types of vascular disease. In particular,
angioplasty is widely used for opening stenoses in the
coronary arteries, although it is also used for the treat-
ment of stenoses in other parts of the vascular system.

The most widely used form of angioplasty makes use
of a dilatation catheter which has an inflatable balloon
at its distal end. Typically, a hollow guide catheter is
used in guiding the dilatation catheter through the vas-
cular system to a position near the stenoses (e.g., to the
coropary artery ostia). Using fluoroscopy, the physician
guides the dilatation catheter the remaining distance
through the vascular system until a balloon is positioned
to cross the stenoses. The balloon is then inflated by
supplying fluid under pressure through an inflation
lumen in the catheter to the balloon. The inflation of the
balloon causes stretching of the artery and pressing of
the lesion into the artery wall, to reestablish acceptable
blood flow through the artery.

There has been a continuing effort to reduce the
profile and shaft size of the dilatation catheter so that
the catheter not only can reach but also can ¢ross a very
tight stenosis. A successful dilatation catheter must also
be sufficiently flexible to pass through tight curvatures,
especially in the coronary arteries. A further require-
ment of a successful dilatation catheter is its “pushabil-
ity”. This involves the transmission of longitudinal
forces along the catheter from its proximal end to its
distal end so that a physician can push the catheter
through the vascular system and the stenoses.

Two commonly used types of dilatation catheters are
referred to as “over-the-wire” catheters and “non-over-
the-wire” catheters. An over-the-wire catheter is one in
which a separate guide wire lumen is provided in the
catheter so that a guide wire can be used to establish the
path through the stenoses. The dilatation catheter can
then be advanced over the guide wire until the balloon
on the catheter is positioned within the stenoses. One
problem with the over-the-wire catheter is the require-
ment of a larger profile and a generally larger outer
diameter along the entire length of the catheter in order
to allow for a separate guide wire lumen therethrough.

A non-over-wire catheter acts as its own guide wire,
and thus there is no need for a separate puide wire lu-
men. One advantage of a non-over-the-wire catheter is
its potential for a reduced outer diameter along its main
shaft since no discrete guide wire lumen is required.
However, one disadvantage is the inability to maintain
the position of the guide wire within the vascular sys-
tem when removing the catheter and exchanging it for
a catheter having a smaller (or larger) balloon diameter.
Thus, to accomplish an exchange with a non-over-the-
wire catheter, the path to the stenoses must be reestab-
lished when replacing the catheter with one having a
different balloon diameter.

In an effort to combine the advantages of an over-the-
wire catheter with a non-over-the-wire catheter, cathe-
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ters have been developed which have guide wire lu-
mens which extend from a distal end of the catheter
through the dilatation balloon and then exit the catheter
at a point proximal of the dilatation balloon. The guide
wire thus does not extend through the entire length of
the catheter and no separate guide wire lumen is re- .
quired along a substantially proximal section of the
catheter. That proximal section can thus have a smaller
outer diameter since it is only necessary to provide an
inflation lumen therethrough for catheter operation. A
further advantage of this type of modified over-the-wire
catheter is that the frictional forces involved between
the guide wire and the shortened guide wire lumen are
reduced, thereby reducing resistance to catheter pusha-
bility and enhancing the “feel” and responsiveness of

* the catheter to a physician.
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Perhaps the most significant advantage of using a
shortened guide wire lumen is in the ease of exchange of
the catheter over the guide wire. In performing an angi-
oplasty procedure using such a catheter, the catheter is
“back loaded” over the guide wire by inserting the
proximal tip of the guide wire into a distal opening of
the guide wire lumen in the catheter. The catheter is
then advanced by “feeding” the catheter distally over
the guide wire while holding the guide wire stationary.
The proximal end of the guide wire will then emerge
out of the proximal opening of the guide wire lumen
(which is substantially space distally from the proximal
end of the catheter itself) and is accessible again for
gripping by the physician, The catheter can be pre-
loaded onto the guide wire in this manner before the
guide wire is inserted into the guide catheter or after. In
either case, the guide wire is steered and passed through
the guide catheter, coronary vessels and across a lesion.
‘The exposed portion of the guide wire is then grasped
while the catheter is advanced distally along the guide
wire across the lesion. Using this procedure, little axial
movement of the guide wire occurs during catheter
loading and positioning for angioplasty.

If the dilatation balloon is found to be inadequate (too
small or too large), the catheter can be similarly with-
drawn without removing the guide wire from across the
lesion. The guide wire is grasped while the catheter is
withdrawn, and when the proximal opening of the
guide wire lumen is reached, the grasping hand must be
moved incrementally away from the proximal opening
as the catheter is incrementally withdrawn, until the
catheter is fully removed from the guide catheter and
the guide wire is thus again exposed and accessible
adjacent to the proximal end of the guide catheter.

This shortened guide wire lumen type of dilatation
catheter design thus offers the advantages associated
with the rapid exchangeability of catheters. The design
also presents the potential to provide a smaller catheter
shaft, since the guide wire is not contained within the
proximal portion of the catheter shaft. The smaller cath-
eter shaft thus allows for better contrast media injection
and, as a result, better visualization. In addition, because
of the rapid exchangeability features, standard non-
extendable guide sires of approximately 175 centime-
ters in length may be used. Further, because the guide
wire is contained in only a distal shorter guide wire
lumen of the catheter, free wire movement is enhanced
when compared to a standard over-the-wire catheter
where the guide wire extends through a guide wire
lumen extending along the entire length of the catheter.
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While several structures for such shortened guide
wire lumen dilatation catheter have been proposed
these structures suffer from several disadvantages. Such
catheters have been one piece polyethylene catheters
having dual lumen configurations adjacent their distal
regions. Typically, such catheters have larger than nec-
essary shaft sizes and are stiffer in their distal regions
than would be desired, including those portions bearing
the dilatation balloon. A further disadvantage is that the
proximal shaft portion of such catheters is relatively
flexible, and has low column strength shaft, so that it
tends to “bunch” and buckle when advanced across a
lesion. To counteract this deficiency in such designs,
additional stiffener elements have been provided in the
shaft, which necessarily require a larger catheter shaft
to accommodate the stiffener element structure. The
known dilatation balloon catheter designs which in-
clude shortened guide wire lumens extending through
the distal portion of the catheter suffer from the disad-
vantages mentioned above and do not take advantage of
the unique opportunities presented by the possibilities of
such designs in construction and application.

SUMMARY OF THE INVENTION

The present invention is an over-the-wire dilatation
balloon catheter which has a guide wire lumen extend-
ing through only a distal portion of the catheter. The
guide wire lumen extends from a distal end of the cathe-
ter proximally through a balloon of the catheter and
exits the catheter at a point proximal of the balloon, but
substantially distally from a proximal end of the cathe-
ter itself.

The present invention for a balloon dilatation cathe-
ter includes a thin-walled, high strength metallic tube
having a longitudinal inflation Iumen extending there-
through from its proximal end to its distal end. An inter-
mediate sleeve section extends distally from the metallic
tube. The sleeve section is more flexible than the metal-
lic tube, and includes a proximal segment of inner core
tube which has a longitudinal guide wire lumen extend-
ing therethrough and an outer sleeve which extends
over the proximal segment of the core tube to define a
longitudinally extending annular inflation lumen there-
between that is in fluid communication with the infla-
tion lumen of the metallic tube. The guide wire lumen
has an outlet at a proximal end of the proximal segment
of the core tube, and the core tube has a distal segment
which extends distally beyond the distal end of the
outer sleeve. Means are provided for exposing the guide
wire lumen outlet to the exterior of the catheter adja-
cent and proximal to the distal end of the metallic tube,
without compromising the integrity of the inflation
lumens extending through the catheter. An inflatable
balloon extends over the distal segment of the core tube
and has its proximal end connected to the distal end of
the outer sleeve. A distal end of the balloon is con-
nected to the core tube so that an interior of the balloon
is in fluid communication with the annular inflation
lumen in the sleeve section. Means are provided for
preventing significant closure of the guide wire lumen
and anpular inflation lumen in the sleeve section adja-
cent the distal end of the metallic tube when the more
flexible sleeve section is bent laterally relative to the
metallic tube.

In a preferred embodiment of the present invention,
the metallic tube is formed from a proximal relatively
long stainless steel tube and a distal relatively short
stainless steel tube bonded thereto. The outer diameter
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of the proximal tube is smaller than the outer diameter
of the distal tube, thus providing a catheter structure
which is highly trackable and has a generally small shaft
outer diameter, yet is very pushable and responsive to a
doctor controlling movement of the catheter from its
proximal end. Preferably, the means for exposing in-
cludes a longitudinal crimp adjacent the distal end of
the distal stainless steel tube. The crimp extends later-
ally inwardly from one side of the distal tube, and has a
proximal transition region and distal bonding region.
The proximal end of the inner core tube is nested within
the distal bonding region of the crimp and bonded
thereto. The outer sleeve extends over at least a distal
portion of the bonding region and is sealably affixed
thereabout.

The means for preventing closure of a present inven-
tion may take a number of different forms. In a pre-
ferred embodiment, the means for preventing closure
comprises a coil member affixed to the sleeve section
adjacent the distal end of the metallic tube. As such, the
coil member may be affixed about the outer sleeve to
extend distally from the metallic tube or about the inner
core tube to extend distally from the metallic tube. Such
a coils member further may have its coil spaced uni-
formly apart or spaced increasingly apart as it extends
distally from the metallic tube. Preferably, the coil
member is formed from a spirally shaped ribbon. A
compression sheath is provided to envelope the coil
member and maintain the coil member in secure engage-
ment to the sleeve section. In an alternative embodi-
ment, the means for preventing closure comprises a
tubular member affixed to the sleeve section adjacent
the distal end of the metallic tube, with the tubular
member being formed from a polyimide material.

Such closure preventing means thus provide a bend-
ing relief design between the relatively stiff metallic
tube and more flexible distal region of the balloon dila-
tation catheter, to prevent kinking during catheter prep-
aration work and handling (prior to insertion of the
dilatation catheter into the guide catheter and patient).
Such kinking or “crimping” of the catheter can result in
a binding on the guide wire as it extends through the
guide wire lumen or a reduction in size of the annular
inflation lumen between the metallic tube and balloon
or a compromise in strength of the catheter tubings, all
of which will compromise the utility and responsiveness
of the dilatation catheter. In addition, the closure pre-
venting means reduces the possibility of a failure or
separation of the bonds adjacent the distal end of the
metallic tube which may be caused by excess strain
placed on such bonds during catheter preparation or
handling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a balloon dilata-
tion catheter of the present invention having a distal
guide wire lumen therethrough and showing a guide
wire, :

FIG. 2 is a sectional side elevational view of the
balloon dilatation catheter of FIG. 1.

FIG. 3 is an enlarged sectional view as taken along
lines 3—3 in FIG. 2.

FIG. 4 is a sectional side elevational view of a portion
of the catheter of the present invention, illustrating an
alternative structure for a reinforcing coil member
thereon.

FIG. 5 is a sectional side elevational view of a portion
of the catheter of the present invention, illustrating an
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alternative structure for a reinforcing coil member
thercon.

FIG. 6 is an enlarged sectional view as taken along
lines 6—6 in FIG. 5.

FIG. 7 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 8 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 9 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 10 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 11 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 12 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 13 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

Although the above-identified drawing figures set
forth various embodiments of the invention, other em-
bodiments of the invertion are also contemplated, as
noted in the discussion. In all cases, this disclosure pres-
ents illustrated embodiments of the present invention by
way of representation and not limitation. It should be
understood that numerous other modifications and em-
bodiments can be devised by those skilled in the art
which will fall within the scope and spirit of the princi-
ples of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Qverall Catheter Structure

A balloon dilatation catheter 20 of the present inven-
tion is illustrated generally in FIG. 1. The catheter 20
has a proximal main shaft section 22, an intermediate
sleeve section 24 and a distal balloon section 26. The
main shaft section 22 has a proximal end 28 and a distal
end 30. Likewise, the intermediate sleeve section 24 has
a proximal end 32 and a distal end 34. The distal balloon
section 26 has a proximal waist 36, an intermediate
expandable segment 38 and a distal waist 40.

As illustrated in FIG. 1, the distal end 30 of the main
shaft section 22 is connected to the proximal end 32 of
the sleeve section 24, and the distal end 34 of the sleeve
section 24 is connected to the proximal waist 36 of the
balloon section 26. In use, the catheter 20 is coupled to
an inflation device (not shown) by a luer manifold 42
connected to the proximal end 28 of the main shaft
section 22. The inflation device thus provides or re-
moves inflation solution from the catheter 20 to select-
ably inflate or deflate the intermediate expandable seg-
ment 38 of the distal balloon section 26 (in FIG. expand-
able segment 38 is shown in its inflated conﬁgurauon)

The catheter 20 of the present invention is designed
for use in combination with a catheter guide element
such as a guide wire 50. In use in a coronary application,
both the guide wire 50 and the catheter 20 are fed
through and guided to an arterial lesion by means of a
tubular guide catheter (not shown). Both the catheter
20 and guide wire 50 are therefore longer than the guide
catheter, with a typical catheter length ‘of approxi-
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mately 135 cm and a typlcal gu\de wire length of ap-
proximately 175 cm. As illustrated in FIG. 1, the guide
wire 50 extends longitudinally along the exterior of the
main shaft section 22 of the catheter 20. Adjacent the
distal end 30 of the main shaft section 22, the guide wire
50 enters the structure of the catheter 20 and extends
distally therethrough until it exits the catheter structure
adjacent the distal waist 40 of the distal balloon segment
26. As seen FIG. 2, a separate guide wire lumen 52 is
provided in the catheter 20 through the intermediate
sleeve section 24 and distal balloon section 26 thereof.
The guide wire 50 thus is only entrained within the
catheter 20 within this guide wire lumen 52, which is
much shorter than the total length of the catheter 20
{(e.g., the guide wire Inmen 52 is approximately 30 cm
Jong). The guide wire 50 has a proximal end 53 and a
distal end 54 and is of a typical structure for guiding
angioplasty catheters. At its distal end 54, the guide
wire 50 preferably has a coiled and rounded tip struc-
ture which is bendable for steerability of the guide wire.
Referring now to FIG. 2, which shows the catheter
20 in greater detail, it is seen that the proximal end 28 of
the main shaft section 22 further has a strain relief tube
60 disposed between the luer manifold 42 and shafi
section 22. The strain relief tube 60 is larger than the
main shaft section 22, and thus provides a step-wise
strain relief function between the inflexible luer mani-
fold 42 and the more flexible main shaft section 22. The
main shaft section 22, tubular member 60 and luer mani-
fold 42 are secured together respectively by suitable
adhesive means, such as epoxy or cyanoacrylate.

Main Shaft Section

The main shaft section 22 is preferably formed as a
thin-walled, high strength stainless steel tube structure,
which is referred to as hypodermic tubing or hypotube.
As a tubular structure the main shaft section 22 thus has
a longitudinally extending inflation lumen 62 extending
therethrough from its proximal end 28 to its distal end
30, which provides a means for the movement and pres-
surization of inflation fluid through the catheter 20 to
and from the distal balloon section 26.

In a preferred embodiment, the main shaft section 22
is formed from two stainless steel tube sections, a proxi-
mal relatively long shaft section 64 and a distal rela-
tively short shaft section 66. A distal end of the proxi-
mal shaft section 64 and a proximal end of the distal
shaft section 66 are sealably affixed together by suitable
means, such as by a solder joint. The proximal end of
the distal shaft section 66 fits coaxially over the distal
end of the proximal shaft section 64, as seen in FIG. 2,
thereby allowing the proximal shaft section 64 to as-
sume a smaller outer diameter than the distal shaft sec-
tion 66. The main shaft section 22 is provided with a
lubricous coating (such as polytetraflouroethylene) to
lessen frictional resistance (at least to the extent that the
proximal shaft section 64 is so coated). The use of a
thin-walled (e.g., 0.003 inch wall thickness), metallic
tube structure for the main shaft section 22 thus pro-
vides a stiff enough shaft for pushability yet allows for
a relatively small diameter shaft, thereby enhancing
catheter visualization via fluoroscopy and catheter ver-
satility. The inherent high strength nature of such a
structure also allows it to withstand the fluid pressures
necessary for proper catheter operation, which in a
plastic shaft structure would require thicker wells, The
high column strength and thickness of a hypotube shaft
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also gives improved responsiveness to the catheter.
Thus, the balloon and distal regions of the catheter
move definitively (in a 1:1 relationship) with motions
imparted at the catheter’s proximal end by a physician.
This feature allows the physician to actually “sense” the
pathway as the catheter is tracked, which gives valu-
able information in the passage of the catheter to and
through the lesion.

In the distal shaft section 66 of the main shaft section
22, a longitudinal crimp 68 is provided which extends
laterally inwardly from one side of the distal section 66.
The distal shaft section 66 has three sections, a proximal
tubular region 70, a transition region 72, and a distal
bonding region 74. The crimp 68 extends from its proxi-
mal origin in the transition region 72 to its greatest
lateral depth in the bonding region 74. The crimp 68, as
further illustrated in FIG. 3, does not seal off or close
the inflation lumen 62, but does transform the inflation
lumen from a circular lumen 62 to a crescent shape
through the bonding region 74, as seen at 63 in FIG. 3.

Catheter Intermediate Sleeve Section

The intermediate sleeve section 24 extends distally
from the main shaft section 22, and is bonded thereto
adjacent the bonding region 74 of the distal shaft section
66. The intermediate sleeve section 24 has two primary
longitudinal components, an inner core tube 80 and an
outer sleeve or tube 82. The inner core tube 80 has a
proximal segment 84 within the sleeve section 24 and a
distal segment 86 within the distal balloon section 26.
The inner core tube 80 and outer sleeve 82 are both
preferably formed from thin-walled high density poly-
ethylene, .

The inner core tube 80 has a proximal end 88 and a
distal end 90. At its proximal end 88, the core tube 80 is
nested within the bonding region 74 of the distal shaft
section 66 and bonded thereto by suitable means, such
as epoxy or cyanoacrylate. The core tube 80 is thus
affixed to the main shaft section 22 in an “‘off-axis”
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alignment at the bonding region 74. However, as seen in 440

FIG. 2, as the core tube 80 extends distally from the
main shaft section 22, it is aligned generally coaxially
with the shaft section 22.

The core tube 80 defines the guide wire lumen 52
extending through the catheter 20. The guide wire
lumen thus has a proximal outlet 92 adjacent the proxi-
mal end of the core tube 80 and a distal outlet 94 adja-
cent the distal end 90 of the core tube 80. At least one
marker band 96 is provided about the core tube 80 (pref-

45

erably centered within the expandable segment 38 of 50

the distal balloon section 26) to aid in illumninating the
position of the catheter 20 via fluoroscopy during an
angioplasty procedure.

The outer sleeve 82 is generally tubular in form, and
has a proximal end 100 and a distal end 102. The outer
sleeve 82 is bonded about the distal shaft section 66 and
the core tube 80 adjacent the bonding region 74, as seen
in FIGS. 2 and 3 and is held in place thereto by suitable
means, such as epoxy or cyanoacrylate. The outer
sleeve 82 extends distally from the main shaft section 22
over the proximal segment 84 of the core tube 80, and as
such, defines a distal continuation of the inflation lumen
of the catheter 20. A longitudinally extending annular
inflation lumen 104 is formed between the core tube 80

55

60

and outer sleeve 82. Of course, the proximal end 100 of 65

the outer sleeve 82 is securely sealed about the distal
shaft section 66 and the core tube 80 50 that the longitu-
dinal inflation lumens 62 and 104 through the catheter

20 are not compromised to the exterior of catheter 20,
but are in fluid communication therethrough.

The intermediate sleeve structure defined above is
the basic sleeve structure for all embodiments of the
present invention contemplated and disclosed herein—-
namely, an inner core tube bonded to a distal portion of
the main catheter shaft, with an outer sleeve forming an
annular continuation of the inflation lumen through the
main shaft between the core tube and outer sleeve. As
discussed below and illustrated herein, various configu-
rations of the connections and components relative to
the formation of the distal guide wire lumen, including
the coupling of the main shaft to the intermediate sleeve
section, are contemplated.

Catheter Distal Balloon Section

The distal balicon section 26 is connected to the com-
ponents of the intermediate sleeve section 24. The prox-
imal waist 36 of the balloon section 26 is connected to
the distal end 102 of the outer sleeve 82 by suitable
means, such as by epoxy or cyanoacrylate. The distal
waist 40 of the balloon section 26 is bonded to the core
tube 80 adjacent its distal end 90 by suitable means, such
as by epoxy or cyanoacrylate. An interior 106 of the
balloon section 26 is thus sealed and in fluid communi-
cation with the annular inflation lumen 104 within the
sleeve section 24. In a preferred embodiment, the bal-
loon section 26 is formed from a compliant balloon
material (e.g., polyolefin), although a balloon formed
from thin-walled non-compliant material (e.g.,
PET-—polyethylene terephthalate) is also contem-
plated.

Kink-resistant Structure

The metallic main shaft section 22 is relatively stiff
compared to the polyethylene intermediate sleeve sec-
tion 24. This creates a rather abrupt change in the flexi-
bility of the materials for the catheter 20 adjacent the
distal end 30 of the main shaft section 22 (at the bonding
region 74). The use of a hypotube for the main shaft
section 22 in the catheter 20 creates a catheter which is
considerably stiffer than most previous over-the-wire
angioplasty balloon catheter designs. Such stiffness is
not a concern as long as the metallic main shaft section
22 remains in the relatively straight guide catheter
within the patient, and indeed such stiffness provides
distinct benefits in use of the catheter 20, as described
above. In the distal portions of the catheter 20 (interme-
diate sleeve section 24 and distal balloon section 26), the
catheter 20 must be very trackable and flexible in order
to negotiate the tortuous coronary anatomy to and
across the lesion. The relatively sharp transition in stiff-
ness as the catheter structure changes from the metallic
main shaft section 22 to the much more flexible polymer
intermediate sleeve section 24 creates two concerns.
First, during handling of the catheter prior to usage,
there is a potential to kink the catheter structure at that
flexibility transition point. Secondly, when the catheter
is in vivo, the distal end 30 of the main shaft section 22
could potentially “dig in” to the guide catheter and
create excessive friction due to the lack of bending
support from the more flexible intermediate sleeve sec-
tion 24.

To address these concerns, a kink-resistant structure
110 is provided to prevent kinking and possible damage
to the intermediate sleeve section 24 during catheter
preparation, handling and use. In its simplest form, this
kink-resistant structure 110 provides a member of inter-
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mediate stiffness or transitory stiffness and kink-resist-
ant nature between the relatively stiff main shaft section
22 and the relatively flexible intermediate sleeve section
24, The kink-resistant structure 110 includes a coil mem-
ber 112 affixed to the intermediate sleeve section 24
adjacent the distal end 30 of the main shaft section 22.
The coil member 112 creates an intermediate stiffener
clement between the relatively stiff main shaft section
22 and the relatively flexible intermediate sleeve section
24 to allow bending of the catheter without kinking.
The coil member 112 preferably has its coils spaced
uniformly apart, and is preferably formed from a spiral
ribbon of stainless steel placed about the outer sleeve 82
along that portion thereof extending over the bonding
region 74 and distally therefrom. The coil member 112
is secured to the outer sleeve 82 by suitable adhesive
means, such as by epoxy. To further secure the coil
member 112 to the intermediate sleeve section 24, a
heat-shrinkable sheath 114 is fitted over the coil mem-
ber 112. Preferably the sheath 114 is formed from a
polyimide or polyolefin material which is expanded
radially outwardly and then shrunk down over the coil
member 112 and outer sleeve 82 to secure the coil mem-
ber 112 thereto. To further secure the sheath 114 and
coil member 112 in place, some adhesive is provided
between the sheath 114 and the intermediate sleeve
section 24, By covering the ends of the coil member
112, the sheath 114 also lessens the chances of those
ends providing a rough edge or catch as the catheter 20
is advanced through the guide catheter or artery.

Although the kink-resistant structure is described and
illustrated in connection with a balloon dilatation cathe-
ter, it is contemplated that such a structure be employed
in any catheter shaft as a transition from a first thin-
walled, high strength metallic tube structure to a second
tube structure which is more flexible than the metallic
tube structure. Such a kink-resistant structure, as de-
scribed above (and also below in various embodiments),
may be employed in a single lumen catheter shaft, or in
multiple lumen catheter shaft having a central core tube
such as the multi-lumen shaft illustrated by the interme-
diate sleeve section of the catheter disclosed in FIGS.

" 1-4.

Alternative Catheter Embodiment

Numerous alternative embodiments of the catheter of
the present invention are contemplated. For example,
several alternative arrangements for the main shaft sec-
tion and intermediate sleeve structure portion of the
catheter are illustrated and discussed herein, but it is not
intended that the illustrated embodiments are all inclu-
sive of those structures and designs which are included
within the spirit and scope of the present invention. In
the following discussion of further alternative embodi-
ments of the present invention, to the extent a compo-
nent is identical to that of a previously described em-
bodiment, like reference numerals are used.

FIG. 4 illustrates an alternative embodiment for the
distal portion of a catheter according to the present
invention. Specifically, the outer sleeve (of the interme-
diate sleeve section) and the distal balloon section are
formed from the same component, as a unitary member.
Thus, proximal waist 36A of distal balloon section 26A
is elongated proximally and acts as the outer sleeve for
intermediate sleeve section 24A. A proximal end 115 of
the proximal waist 36A is sealably fixed about the core
tube 80 and main shaft section 22 adjacent the bonding
region 74 thereof. It should be understood that the pros-
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pect of having a unitary outer sleeve and balloon mem-
ber is applicable to all embodiments disclosed herein
and contemplated, although it is only illustrated and
discussed with respect to the catheter structure of FIG.
4.

FIG. 4 also shows another variation for the catheter’s
structure illustrated in FIGS. 1-3. In FIG. 4, kink-resist-
ant structure 110A includes coil member 112A which is
defined as a spiral ribbon of stainless steel placed about
a proximal portion of the proximal waist 36A along the
bonding region 74 and distally therefrom. The coil
member 112A does not have its coils uniformly spaced
apart, but rather has its coils spaced increasingly further
apart as the coil member extends distally from the main
shaft section 22. This results in a coil member 112A
which becomes increasingly more flexible, thereby
“feathering out” the change in relative stiffness and
strain or kink relief between the relatively inflexible
main shaft section 22 and the relatively flexible interme-
diate sleeve section 24A. As before, a heat-shrinkable
sheath 114A is fitted over the coil member 112A to
further secure the coil member 112A to the sleeve sec-
tion 24A.

In FIG. 5, a modified main shaft section 22B is illus-
trated. ‘The main shaft section 22B is formed as a thin.
walled, high strength stainless steel tube or hypotube,
but is defined as a single tubular shaft 117 from its proxi-
mal end to its distal end 30B. The single shaft 117 has a
longitudinally extending inflation lumen 62B there-
through, and at its proximal end (not shown) the single
shaft 117 is mounted to an inflation device in a manner
such as that illustrated for the catheter of FIG. 2. Adja-
cent its distal end 30B, the single shaft 117 has a longitu-
dinal crimp 68B which extends laterally inwardly from
one side of the single shaft 117. The single shaft 117 thus
has three sections, a proximal, relatively elongated tu-
bular region 70B, a relatively short distal transition
region 72B and a relatively short distal bonding region
74B. The crimp 68B extends from its proximal origin in
the transition region 72B to its greatest lateral depth in
the bonding region 74B. The crimp 68B does not seal or
¢lose off the inflation lumen 62B, but rather transforms
the inflation lumen 62B from a circular lumen to a half-
moon lumen through the bonding region 74B, as seen at
63B in FIG. 6. It is again understood that the use of a
single tube to define the main shaft section of the cathe-
ter of the present invention is applicable to the other
alternative embodiments of the catheter structures dis-
closed herein.

FIGS. § and 6 also illustrate an alternative arrange-
ment for the kink-resistant structure of the inventive
catheter. Kink-resistant structure 210 includes coil
member 212. The sleeve section 24B includes an outer
sleeve 82B and an inner core tube 80B, with the core
tube 80B adapted to be nested within and bonded to the
main shaft section 22B in its distal bonding region 74B.
‘The coil member 212 of the kink-resistant structure 210
is positioned about the core tube 80B within the distal
bonding region 74B and extending distally therefrom.
The coil member 212 is preferably formed from stainless
steel (either from a wire or ribbon) and may have uni-
form coil spacing or increasingly spaced coils as the coil
member 212 extends distally from the main shaft section
22B. The coil member 212 is secured to the core tube
80B by suitable means, such as by embedding the coil
member 212 in an epoxy layer 214 about the core tube
80B. A proximal end 100B of the outer sleeve 82B is
bonded about the main shaft section 22B and inner tube
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80B and coil structure 210 in the bonding region 74B
thereof, as seen in FIGS. 5§ and 6. In the intermediate
sleeve section 24B, the inner core tube 80B thus pro-
vides a guide wire lumen 52B therethrough, and an
annular inflation lumen 104B is provided between the
inner tube 80B and outer sleeve 82B. Although the
kink-resistant structure 210 is within the annular infla-
- tion lumen 104 and the outer sleeve 82B necks down
distally from the main shaft section 22B, the size of the
-annular inflating lumen 104 is sufficient to provide
proper fluid flow to and from the catheter’s balloon.

FIGS. 7-13 illustrate an alternative configuration for
that portion of the catheter adjacent the proximal inlet
of the guide wire lumen. Instead of providing a crimp
structure in the distal end of the main shaft section, an
aperture is provided adjacent to and proximal of the
distal end of the main shaft section. The aperture is
aligned and sealably coupled to the inner tube to define
the guide wire lumen proximal outlet. In all disclosed
embodiments, the main shaft section is preferably
formed from a hypotube-like material.

As seen in FIG. 7, an alternative embodiment of the
catheter of the present invention has a proximal main
shaft section 22C formed from thin-walled, high
strength stainless steel tubing. A longitudinally extend-
ing inflation lumen 62C extends therethrough from a
proximal end of the main shaft section 22C to its distal
end 30C. In the embodiment seen in FIG. 7, the main
shaft 22C is formed from two stainless steel tube sec-
tions, a proximal relatively long shaft section 64C and a
distal relatively short shaft section 66C bonded on the
distal end of the proximal section 64C. This two-part
main shaft section structure thus allows a substantial
length of the main shaft section 22C to be formed from
the proximal shaft section 64C which has a smaller
diameter than the distal shaft section 66C.

The distal shaft section 66C has an oval-shaped aper-
ture 119 extending through its wall, with the oval being
elongated in the longitudinal direction of the main shaft
section 22C. The aperture 119 is spaced proximally
from a distal end of the distal shaft section 66C (the
distal end 30C of the main shaft section 22C). The space
between the aperture 119 and distal ed-30C thus defines
in part a bonding region 121 for connecting the main
shaft section 22C to a distally extending intermediate
sleeve section 24C.

As before, the intermediate sleeve section 24C in-
cludes an inner core tube 80C and an outer sleeve 82C.
A proximal end 88C of the core tube 80C is sealably
bonded about the aperture 119 to align the proximal end
88C and aperture 119 and thereby define a proximal
outlet 92C for a guide wire lumen 52C extending
through the core iube 80C. As seen in FIG. 7, a proxi-
mal portion 123 of the core tube 80C extends laterally
from the aperture 119 into the distal shaft section 66C
and turns longitudinally and distally relative thereto to
be aligned generally coaxially therewith. As such, the
inflation lumen 62C is continued distally past the aper-
ture 119 as a generally annular inflation lumen 125,
between the core tube 80C and distal shaft section 66C
(along the bonding region 121). Proximal end 100C of
the outer sleeve 82C is bonded about the distal shaft
section 66C in the bonding region 121 by a suitable
means, such as by epoxy or cyanoacrylate. As seen in
FIG. 7, the outer sleeve 82C extends distally from the
main shaft section 22C over the core tube 80C and
defines a longitudinally extending annular inflation
lumen 104C between the core tube 80C and outer sleeve
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82C. The proximal end 100C of the outer sleeve 82C is
sealed about the distal shaft section 66C so that the
longitudinal inflation lumens 62C, 125 and 104C are not
compromised to the exterior of the catheter, but are in
fluid communication therethrough,

In FIG. 7, kink-resistant structure 310 includes coil
member 312 (of a wire or ribbon-like structure) which is
bonded about the outer sleeve 82C to extend distally
from the distal end 30C of the main shaft section 22C. In
this embodiment, the coil member 312 does not extend
about any portion of the main shaft 22C. The coil mem-
ber 312 is secured to the outer sleeve 82C by suitable
adhesive means, such as epoxy 314, and is embedded
therein to firmly hold the coil member 312 in place
about the intermediate sleeve section 24C. In the em-
bodiment of FIG. 7, the coil member 312 is illustrated
with its coils being spaced increasingly longitudinally
apart as the coil member 312 extends distally along the
catheter.

FIGS. 8-13 also illustrate embodiments of the cathe-
ter of the present invention wherein an aperture is pro-
vided through the main shaft section wall to accommo-
date the proximal outlet for the relatively short, distal
guide wire lumen. As opposed to the embodiment of
FIG. 7, however, the embodiments illustrated in FIGS.
$-13 show the main shaft section as a single shaft rather
than as a multi-part shaft. Indeed, FIG. 8 illustrates a
catheter structure identical to that of FIG. 7, except
that the main shaft section 22D is shown as a single shaft
217, rather than having proximal and distal shaft sec-
tions 64C and 66C as seen in FIG. 7. As such, the cathe-
ter inflation lumen includes longitudinally extending
inflation lumens 62D, 125D and 104D.

FIG. 9 is an embodiment of the catheter of the pres-
ent invention otherwise similar to FIG. 8, except that
kink-resistant structure 410 has coil member 412 with
uniformly spaced coils along the entire length. Again,
the entire coil member 412 is fixed to the outer sleeve
82C of the intermediate sleeve section 24C by embed-
ding the coil member 412 within a suitable material such
as epoxy or cyanoacrylate 414.

In the catheter structure of FIG. 10, intermediate
section 24E has an inner core tube 80E and an outer
sleeve 82E. The structure of the catheter is otherwise
the same as the catheter of FIG. 9, except that the kink-
resistant structure thereof is positioned inside the outer
sleeve 82E rather than outside of the outer sleeve. Kink-
resistant structure 510 is affixed to an inner surface of
the outer sleeve 82E distally of the main shaft section
22D by a suitable means, such as embedded adhesive
514. The kink-resistant 510 includes coil member 5§12
which provides an intermediate stiffener between the
relatively stiff main shaft section 22D and the relatively
flexible intermediate sleeve section 24E. As seen, the
outer sleeve 82E necks down distally from the kink-
resistant structure 510 to provide a lower profile for the
catheter in its distal regions. An annular inflation lumen
104E formed between the inner tube 80E and outer
sleeve 82E (and at a proximal end thereof, between the
inner tube 80E and the kink-resistant structure 510) is
not comprised by such a necked-down sleeve design but
maintained at sufficient size to provide for adequate and
quick inflation and deflation of the balloon.

In FIG. 11 intermediate sleeve section 24F includes
an inner core tube 80F and an outer sleeve 82F. Kink-
resistant structure 610 is mounted about the inner tube

_80F along the bonding region 121 and extending distally

from the main shaft section 22D into the intermediate
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sleeve section 24F. The kink-resistant structure includes
coil member 612 which is affixed about the core tube
80F by snitable means such as being embedded in epoxy
or another suitable adhesive 614. As seen in FIG. 11, the
outer sleeve 82F has an enlarged diameter at its proxi-
mal end to accommodate the main shaft section 22D
and the kink-resistant structure 610, and so that the
annular inflation lumens 125F and 104F about the core
tube 80F remain sufficiently large to provide proper
inflation and deflation pressures to the balloon of the
catheter.

FIGS. 12 and 13 illustrate a further variation of the
kink-resistant structure of the present invention. In the
embodiments of FIGS. 12 and 13, the kink-resistant
structure does not include a coil member, is formed
from a polymer tube which is of intermediate stiffness
between the main shaft section and intermediate sleeve
section. In FIG. 12, kink-resistant structure 710 is pro-
vided which is formed from a polyimide or other stiff
polymer tube 727. The tube 727 is bonded about an
inner core tube 80G of the intermediate sleeve section
24G by a suitable adhesive, such as epoxy or cyanoacry-
late. The tube 727 extends through a distal portion of
the bonding region 121 and distally beyond the main
shaft section 22D into the intermediate sleeve section
24G. Apgain, an outer sleeve 82G of the sleeve section
24G has an enlarged diameter at its proximal end to
accommodate the main shaft section 22D and the kink-
resistant structure 710, and so that the components are
dimensioned such that annular inflation lumens 125G
and 104G are not comprised.

In FIG. 13, kink-resistant structure 810 is 1llustrated,
as formed from a polyimide or other stiff polymer tube
829 which is bonded to the inner surfaces of both the
main shaft section 22D and an outer sleeve 82H of an
intermediate sleeve section 24H at a bonding region
121H. The tube 829 thus provides not only a kink-resist-
ant structure to accommodate the change in stiffness of
the main shaft section and intermediate sleeve section,
but also provides a substrate for bonding the two cathe-
ter sections together by a suitable adhesive, such as
epoxy or cyanoacrylate. A core tube 80H of the sleeve
section 24H extends through the interior of the tube 829
to the aperture 119 on the main shaft section 22D, Thus,
an annular longitudinally extending inflation lumen 131
is formed as a “bridge lumen” (between the core tube
80H and tube 829) from the inflation lumen 62D to an
annular inflation lumen 104H within the sleeve section
24H.

As mentioned above, various combmanons of these
alternative component and catheter structures are con-
templated and are intended to be considered, although
not explicitly shown. For example, it is contemplated
that a two-part main shaft section structure (such as
illustrated in FIGS. 2, 4 and 7) may be combined with
any one of the kink-resistant structure such as that illus-
trated in FIGS. 8-13. By way of example and not limita-
tion, a further example of such a combination may in-
clude the use of a distal balloon section having an elon-
gated proximal waist (such as shown in FIG. 4) with
any of the alternative kmk-resxstant structures disclosed
herein.

CONCLUSION

The balloon dilatation catheter of the present inven-
tion is an over-the-wire catheter structure with a distal
guide wire lumen which optimizes the features of such
a catheter in a way not previously considered or
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‘achieved. The use of a hypotube-type main shaft for the

catheter allows the attainment of a high strength, pusha-
ble shaft having thin walls and small diameter. The
further use of a two-part hypotube shaft structure al-
lows an even smaller diameter for the proximal elon-
gated section of the main catheter shaft. Employing a |
crimp as a means for aligning and creating a proximal
outlet for the relatively short guide Wire lumen also
serves to provide a transition region for exit of the guide
wire from the catheter itself which is relatively gradual.
The crimped shaft design also provides additional stiff-
ness in the transition region where the guide wire enters
and exits the catheter proximally of the balloon thereof,
thereby creating a more rigorous catheter structure.
Because the catheter of the present invention is based
upon a relatively stiff proximal main shaft section, and
such a catheter must have a relatively flexible distal
portion for working through the tortuous arterial anat-
omy, a strain relief or kink-resistant structure is pro-
vided to make a more gradual transition between the
relatively stiff main catheter shaft and the relatively
flexible distal portion of the catheter. Various configu-
rations of strain relief and kink-resistant structures are
disclosed herein, and all are believed suitable to accom-
plish the desired end of preventing significant closure of
the guide wire lumen and annular inflation lumen in the
more flexible distal portions of the catheter, especially
adjacent the distal end of the main catheter shaft.

Although the present invention has been described

with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

What is claimed is:

1. A balloon dilatation catheter comprising:

a thin-walled, high strength metallic tube having a
longitudinal inflation lumen extending there-
through from a proximal end to a distal end;

an intermediate sleeve section extending distally from
the metallic tube, the sleeve section being more
flexible than the metallic tube and including an
inner core tube which has a longitudinal guide wire
lumen extending therethrough and an outer sleeve
which extends over a proximal segment of the core
tube to define an annular inflation lumen between
-the inner core tube and the outer sleeve that is in
fluid communication with the inflation lumen of
the metallic tube, with the guide wire lumen having
an outlet at a proximal end of the proximal segment
of the core tube and with the core tube having a
distal segment which extends distally beyond a
distal end of the outer sleeve;

means for exposing the guide wire lumen outlet at the
proximal end of the core tube to an exterior of the
catheter adjacent and proximal to the distal end of
the metallic tube;

an inflatable balloon extending over the distal seg-
ment of the core tube, the balloon having its proxi-
mal end connected to the distal end of the outer
sleeve and having its distal end connected to the
core tube so that an interior of the balloon is in fluid
communication with the annular inflation lumen in
the intermediate sleeve section; and

a coil member affixed about the outer sleeve of the
intermediate sleeve section adjacent the distal end
of the metallic tube, the coil member having its
coils spaced increasingly apart as it extends distally
from the metallic tube.
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2. The balloon dilatation catheter of claim 1 wherein
the means for exposing includes a longitudinal crimp
adjacent the distal end of the metallic tube which ex-
tends laterally inwardly from one side of the metallic
tube, the crimp having a proximal transition region and
a distal bonding region, the proximal end of the inner
core tube being nested within the distal bonding region
of the longitudinal crimp of the metallic tube and
bonded thereto, and with the outer sleeve extending
over at least a distal portion of the bonding region and
sealably affixed thereaboul.

3. The balloon dilatation catheter of claim 2 wherein
the metallic tube is formed from a proximal relatively
long stainless steel tube and a distal relatively short
stainless steel tube bonded thereto, with the longitudinal
crimp being in the distal tube.

4. The balloon dilatation catheter of claim 3 wherein
the outer diameter of the proximal tube is smaller than
the outer diameter of the distal tube.

5. The balloon dilatation catheter of claim 1 wherein
the coil member is formed from a spirally-shaped rib-
bon.

6. The balloon dilatation catheter of claim 1, and
further comprising:

a sleeve enveloping the coil member to maintain the
coil member in secured engagement to the interme-
diate sleeve section.

7. The balloon dilatation catheter of claim 1 wherein
the metallic tube is formed from a proximal relatively
long stainless steel tube and a distal relatively short
stainless steel tube affixed thereto.

8. The balloon dilatation catheter of claim 7 wherein
the outer diameter of the proximal tube is smaller than
the outer diameter of the distal tube.

9. The balloon dilatation catheter of claim 1 wherein
the outer sleeve is formed integrally with the balloon.

10. The balloon dilatation catheter of claim 1 wherein
the inner core tube is formed from high density polyeth-
ylene. )

11. The balloon dilatation catheter of claim 1 wherein
the outer sleeve is formed from high density polyethyl-
ene.

12. The balloon dilatation catheter comprising:

a first thin-walled, high strength, relatively inflexible
tube having a longitudinal inflation lumen extend-
ing therethrough from a proximal end to a distal
end, the first tube having, at the distal end thereof,
a longitudinal crimp extending laterally inwardly
from one side of the first tube with the crimp hav-
ing a proximal transition region and a distal bond-
ing region;

a second relatively flexible core tube having a longi-
tudinal guide wire lumen extending therethrough
from a proximal end to a distal end, with the proxi-
mal end of the second tube being nested within the
distal bonding region of the longitudinal crimp of
the first tube and bonded thereto so that the second
tube extends distally from the first tube;

a balloon assembly having an elongated proximal
waist segment, an intermediate expandable seg-
ment and a distal waist segment, the proximal seg-
ment extending over at least a distal portion of the
distal bonding region and sealably affixed there-
about so that the inflation lumen is in fluid commu-
nication with an interior of the balloon assembly
through the proximal segment, with the balloon
assembly extending distally from the distal bonding
region over the second tube to a second bonding
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region where the distal waist segment is sealably
affixed about the second tube; and

a coil member affixed about at least a proximal por-
tion of the proximal waist segment to extend dis-
tally from the distal bonding region.

13. The balloon dilatation catheter of claim 12
wherein the coil member is formed from a spirally-
shaped ribbon,

14. The balloon dilatation catheter of claim 12,
wherein the coil member has its coils spaced increas-
ingly apart as it extends distally from the first tube.

15. The balloon dilatation catheter of claim 12, and
further comprising:

a sheath enveloping the coil member and maintaining
the coil member about the proximal waist segment
of the balloon assembly.

16. The balloon dilatation catheter of claim 12
wherein the first tube is formed from a proximal, rela-
tively long stainless steel tube and a distal relatively
short stainless steel tube bonded thereto, with the longi-
tudinal crimp being in the distal tube.

17. The balloon dilatation catheter of claim 16
wherein the outer diameter of the proximal tube is
smaller than the outer diameter of the distal tube.

18. The balloon dilatation catheter of claim 12
wherein the second tube is formed from high density
polyethylene.

19. In an elongate dilatation catheter of the type that
can be slidably moved along a guide wire that can ex-
tend past a distal end of the catheter, wherein the guide
wire is receivet in a guide wire lumen of the catheter,
the guide wire extending from a distal guide wire lumen
opening to a proximal guide wire lumen opening dis-
posed in a portion of the catheter that is spaced distally
from a proximal end of the catheter, the dilatation cath-
eter including an inflatable balloon and an inflation
lumen extending through the catheter separate from the
guide wire lumen, an improvement comprising:

a first proximal shaft section of the catheter defined

by a relatively rigid metallic tube;

a second shaft section disposed distally of the first
shaft section, the second shaft section being rela-
tively more flexible than the first shaft section; and

a transition section disposed between the first shaft

- section and the second shaft section, the transition

section including a transition member comprising a
metallic element of gradually diminished dimen-
sion, the transition member extending adjacent to
the proximal guide wire lumen opening, and the
transition member having gradually decreasing
rigidity in the distal direction to provide a rela-
tively smooth transition between the first shaft
section and the second shaft section.

20, The improved catheter of claim 19 in which the
transition member is adapted to impart a tapering transi-
tion in flexibility between the relatively rigid proximal
portion and the relatively more flexible second section.

21. The improved catheter of claim 19 in which the
transition member extends at least in part across the
guide wire lumen proximal opening,.

22. The improved catheter of claim 19 in which the
transition member extends at least in part distally of the
guide wire lumen proximal opening.

23. The improved catheter of claim 19 in which the
transition member comprises:

a coil spring located in a wall of the relatively more

flexible portion of the catheter distally of the proxi-
mal lumen opening.
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24. The improved catheter of claim 23 in which the
coil spring is of gradually greater flexibility in a distal
direction.

25. The improved catheter of claim 23 in which the
coil spring is located around the guide wire lumen.

26. The improved catheter of claim 19 in which the
transition member is located at least in part around the
inflation lumen.

27. The improved catheter of claim 19 in which the
transition member is connected to the first shaft section.

28. In an elongate dilatation catheter of the type that
can be slidably moved along a guide wire that can ex-
tend past a distal end of the catheter, wherein the guide
wire is received in a guide wire lumen of the catheter,
the guide wire extending from a distal guide wire lumen
opening to a proximal guide wire lumen opening lo-
cated in a portion of the catheter that is spaced distally
from a proximal end of the catheter, the dilatation cath-
eter including an inflatable balloon and an inflation
lumen extending through the catheter separate from the
guide wire lumen, an improvement comprising:

a first proximal shaft section of the catheter defined

by a relatively rigid metallic tube;

a second shaft section disposed distally of the first
shaft section, the second shaft section being rela-
tively more flexible than the first shaft section; and

a transition section disposed between the first shaft
section and the second shaft section, the transition
section including a transition member extending
adjacent to the proximal guide wire lumen open-
ing, the transition member having gradually de-
creasing rigidity in the distal direction to provide a
relatively smooth transition between the first sec-
tion of the shaft and the second section of the shaft.

29, The improved catheter of claim 28 in which the
transition member is adapted to impart a tapering transi-
tion in flexibility between the relatively rigid first sec-
tion and the relatively more flexible second section of
the shaft.

30. The improved catheter of claim 28 in which the
transition member extends at least in part across the
guide wire lumen proximal opening.

31. The improved catheter of claim 28 in which the
transition member extends at least in part distally of the
guide wire lumen proximal opening. )

32. The improved catheter of claim 28 in which the.
transition member extends at least in part around the
inflation lumen.

33. The improved catheter of claim 28 in which the
transition member is connected to the first shaft section.

34. A balloon dilatation catheter comprising:

a metallic tube defining a first shaft section having a
proximal end and a distal end;

a second shaft section, more flexible than the metallic
tube, disposed distally of the first shaft section;

the first and second shaft sections having an inflation
lumen defined therethrough which extends from
the proximal end of the metallic tube to the distal
end of the second shaft section;

a dilatation balloon attached to the distal end of the
second shaft section, the dilatation balloon being in
fluid communication with the inflation lumen such
that inflation pressure may be provided to the bal-
loon therethrough;

a transition section interposed between the first shaft
section and the second shaft section, the transition
section including a transition member including a
crimp defining the proximal guide wire outlet and

?

15

20

25

30

ment 1 Filed 02/14/ P 4 of 67
ntd, [ ‘lsage?) of 6

configured to provide stiffness which gradually
decreases distally from the stiffness of the first shaft
section to the stiffness of the second shaft section;
and

a guide wire tube extending through the interior of

the balloon, the guide wire tube defining a second
separate and shorter lumen than the inflation lu-
men, the second lumen having a proximal guide
wire opening at its proximal end and a distal guide
wire opening at its distal end, with the proximal
guide wire opening being disposed adjacent the
distal end of the first shaft section, and wherein the
second lumen receives a guide wire therein such
that the catheter may be slidably moved on the
guide wire,

35. The catheter of claim 34 wherein the transition
member comprises a metallic element of gradually di-
minished dimension.

36. The catheter of claim 34 wherein the transition
member extends at least in part across the guide wire
lumen proximal opening.

37. The catheter of claim 34 wherein the transition
member extends at least in part distally of the guide wire
lumen proximal opening.

38. The catheter of claim 34 wherein the transition
member is adapted to impart a tapering transition in
flexibility between the metallic tube of the first shaft
section and the more flexible second shaft section.

39. The catheter of claim 34 wherein the transition
member extends at least in part around the inflation
lumen. .

40. In an elongate dilatation catheter which has an
inflatable balloon and an inflation lumen extending
through the catheter, wherein the catheter is of the type
that can be slidably moved along & guide wire that can

- extend past a distal end of the catheter through a guide
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wire lumen of the catheter, wherein the guide wire
lumen is separate from the inflation lumen and extends
from a distal guide wire lumen opening to a proximal
guide wire lumen opening located in a portion of the
catheter that is spaced distally from a proximal end of
the catheter so that the guide wire lumen is shorter than
the inflation lumen, an improvement comprising:

a first proximal shaft section of the catheter defined
by a relatively rigid metallic tube;

a second shaft section disposed distally of the first
shaft section, the second shaft section being rela-
tively more flexible than the first shaft section; and

a transition section disposed between the first shaft
section and the second shaft section, the transition
section including a transition member comprising a
metallic element of gradually diminished dimen-
sion, the transition member extending adjacent to
the proximal guide wire lumen opening, and the
transition member having gradually decreasing
rigidity in the distal direction to provide a rela-
tively smooth transition between the first shaft
section and the second shaft section.

41. The improved catheter of claim 40 in which the
transition member is adapted to impart a tapering transi-
tion in flexibility between the relatively rigid proximal
portion and the relatively more flexible distal portion.

42, The improved catheter of claim 40 in which the
transition member extends at least in part across the
guide wire lumen proximal opening.

43. The improved catheter of claim 40 in which the
transition member extends at least in part distally of the
guide wire lumen proximal opening.
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44. The improved catheter of claim 40 in which the
transition member extends at least in part around the
inflation lumen.

45. The improved catheter of claim 40 in which the
transition member is connected to the first shaft section.

46, In an elongate dilatation catheter which has an
inflatable balloon and an inflation lumen extending
through the catheter, wherein the catheter is of the type
that can be slidably moved along a guide wire which
can extend past a distal end of the catheter through a
guide wire lumen of the catheter, wherein the guide
wire lumen is separate from the inflation lumen and
extends from a distal guide wire lumen opening to a
proximal guide wire Jumen opening disposed in a por-
tion of the catheter that is spaced distally from a proxi-
mal end of the catheter so that the guide wire lumen is
shorter than the inflation lumen, an improvement com-
prising:

a first proximal shaft section of the catheter defined

by a relatively rigid metallic tube;

a second shaft section disposed distally of the first
shaft section, the second shaft section being rela-
tively more flexible than the first shaft section; and

a transition section disposed between the first shaft
section and the second shaft section, the transition
section including a transition member extending
adjacent to the proximal guide wire lumen open-
ing, the transition member having gradually de-
creasing rigidity in the distal direction to provide a
relatively smooth transition between the first sec-
tion of the shaft and the second section of the shaft.

47. The improved catheter of claim 46 in which the
transition member is adapted to impart a tapering transi-
tion in flexibility between the relatively rigid proximal
portion and the relatively more flexible distal portion.

48. The improved catheter of claim 46 in which the
transition member extends at least in part across the
guide wire lumen proximal opening.

49. The improved catheter of claim 46 in which the
transition member extends at least in part distally of the
guide wire lumen proximal opening.

50. The improved catheter of claim 46 in which the
transition member extends at least in part around the
inflation lumen.

51. The improved catheter of claim 46 in which the
transition member is connected to the first shaft section.

52. In an elongate dilatation catheter of the type that
has a first relatively long proximal shaft section, a sec-
ond shorter distal shaft section disposed distally of the
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first shaft section, an inflatable balloon attached to the
distal end of the second shaft section wherein the first
and second shaft sections have an inflation lumen de-
fined therethrough so that the balloon is in fluid com-
munication with the inflation lumen, and wherein the
catheter is of the type that can be slidably moved along .
a guide wire which can extend through a guide wire
lumen of the catheter, the guide wire lumen being sepa-
rate from the inflation lumen and extending from a
distal guide wire lumen opening at the distal end of the
catheter to a proximal guide wire lumen opening adja-
cent the proximal end of the second shaft section so that
the guide wire lumen is shorter than the inflation lumen,
an improvement comprising:

the first proximal shaft section of the catheter defined

by a relatively rigid metallic tube;

the second shaft section of the catheter being rela-

tively more flexible than the metallic tube and hav-
ing a relatively short reinforced proximal portion
and a relatively long non-reinforced distal portion,
and

the reinforced proximal portion including a transition

member disposed adjacent to the proximal lumen
opening and extending distally along the second
shaft section to provide a reinforcement therefor,
the transition member including a metallic element
which decreases gradually in dimension as it ex-
tends distally along the catheter to provide gradu-
ally decreasing rigidity in the distal direction, the
transition member having a distal terminal end
spaced from the balloon by the length of the non-
reinforced distal portion of the second shaft sec-
tion.

53. The improved catheter of claim 52 wherein the
transition member is adapted to impart a tapering transi-
tion in flexibility between the relatively rigid first shaft
section and the relatively more flexible secand shaft
section,

54, The improved catheter of claim 52 wherein the
transition member is located at least in part around the
inflation lumen.

55. The improved catheter of claim 52 wherein the
transition member extends at least in part across the
guide wire lumen proximal opening.

56. The improved catheter of claim 52 wherein the
transition member extends at least in part distally of the

guide wire lumen proximal opening.
* % % ¥ x*
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[57] ABSTRACT

An over-the-wire balloon dilatation catheter has a stain-
less steel hypotube catheter shaft, an intermediate
sleeve section bonded to the shaft and a distal balloon
section connected to the sleeve section. The sleeve
section is formed from relatively flexible polymer mate-
rials and includes an inner core tube which defines a
guide wire lumen extending only through a distal por-
tion of the catheter (including its sleeve and balloon
sections) to facilitate fast balloon catheter exchanges. A
distal end of the hypotube shaft is crimped laterally and
the core tube is nested and bonded within the crimp to
provide a proximal outlet for the guide wire lumen. The
hypotube shaft provides an inflation lumen for the bal-
loon, with the inflation lumen being continued as an
annular inflation lumen through the sleeve section
where an outer sleeve is bonded about the core tube and
extends from the distal end of the hypotube shaft to the
balloon section. A kink-resistant coil structure extends
distally from the distal end of the hypotube shaft to
provide a gradual change in stiffness along the length of
the catheter from the relatively stiff hypotube shaft to
the relatively flexible distal portion of the catheter.

1 Claim, 6 Drawing Sheets
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BALLOON CATHETER WITH DISTAL GUIDE
WIRE LUMEN

This is a continuation of application Ser. No.
(5)7/572,9265, filed Aug, 28, 1990, now U.S. Pat. No,
,156,594.

BACKGROUND OF THE INVENTION

The present invention relates to the field of angio--

plasty. In particular, the present invention relates to a
dilatation balloon catheter of the “over-the-wire” type
having a relatively short distal guide wire lumen ex-
tending through the balloon of the catheter.

Angioplasty procedures have gained wide accep-
tance in recent years as efficient and effective methods
for treating types of vascular disease. In particular,
angioplasty is widely used for opening stenoses in the
coronary arteries, although it is also used for the treat-
ment of stenoses and other parts of the vascular system.

The most widely used form of angioplasty makes use
of a dilatation catheter which has an inflatable balloon
at its distal end. Typically, a hollow guide catheter is
used in guiding the dilatation catheter through the vas-
cular system to a position near the stenoses (e.g., to the
coronary artery ostia). Using fluoroscopy, the physician
guides the dilatation catheter the remaining distance
" through the vascular system until a balloon is positioned
to cross the stenoses. The balloon is then inflated by
supplying fluid under pressure through an inflation
lumen in the catheter to the balloon. The inflation of the
balloon causes stretching of the artery and pressing of
the lesion into the artery wall, to reestablish acceptable
blood flow through the artery.

There has been a continuing effort to reduce the
profile and shaft size of the dilatation catheter so that

5
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lished when replacing the catheter with one having a
different balloon diameter.

In an effort to combine the advantages of an over-the-
wire catheter with a non-over-the-wire catheter, cathe-
ters have been developed which have guide wire lu-
mens which extend from a distal end of the catheter
through the dilatation balloon and then exit the catheter
at a point proximal of the dilatation balloon. The guide

" wire thus does not extend through the entire length of
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the catheter not only can reach but also can cross a very

tight stenosis. A successful dilatation catheter must also
be sufficiently flexible to pass through tight curvatures,
especially in the coronary arteries. A further require-
ment of a successful dilatation catheter is its “pushabil-
ity”. This involves the transmission of longitudinal

40

forces along the catheter from its proximal end to its -

distal end so that a physician can push the catheter
through the vascular system and the stenoses.

Two commonly used types of dilatation catheters are
referred to as “over-the-wire” catheters and “non-over-
the-wire” catheters. An over-the-wire catheter is one in
which a separate guide wire lumen is provided in the
catheter so that a guide wire can be used to establish the
path through the stenoses. The dilatation catheter can
then be advanced over the guide wire until the balloon
on the catheter is positioned within the stenoses. One
problem with the over-the-wire catheter is the require-
ment of a larger profile and a generally larger outer
diameter along the entire length of the catheter in order
to allow for a separate guide wire lumen therethrough.

A non-over-wire catheter acts as its own guide wire,
and thus there is no need for a separate guide wire lu-
men. One advantage of a non-over-the-wire catheter is
its potential for a reduced outer diameter along its main
shaft since no discrete guide wire lumen is required.
However, one disadvantage is the inability to maintain
the position of the guide wire within the vascular sys-
tem when removing the catheter and exchanging it for
a catheter having a smaller (or larger) balloon diameter.
Thus, to accomplish an exchange with a non-over-the-
wire catheter, the path to the stenoses must be reestab-
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the catheter and no separate guide wire lumen is re-
quired along a substantially proximal section of the
catheter. That proximal section can thus have a smaller
outer diameter since it is only necessary to provide an
inflation lumen therethrough for catheter operation. A
further advantage of this type of modified over-the-wire
catheter is that the frictional forces involved between
the guide wire and the shortened guide wire lumen are
reduced, thereby reducing resistance to catheter pusha-
bility and enhancing the “fecl” and responsiveness of
the catheter to a physician.

Perhaps the most significant advantage of using a
shortened guide wire lumen is in the ease of exchange of
the catheter over the guide wire. In performing an angi-
oplasty procedure using such a catheter, the catheter is
“back loaded” over the guide wire by inserting the

“proximal tip of the guide wire into a distal opening of

the guide wire lumen in the catheter. The catheter is
then advanced by “feeding” the catheter distally over
the guide wire while holding the guide wire stationary.
The proximal end of the guide wire will then emerge
out of the proximal opening of the guide wire lumen
(which is substantially spaced distally from the proximal
end of the catheter itself) and is accessible again for
gripping by the physician. The catheter can be pre-
loaded onto the guide wire in this manner before the
guide wire is inserted into the guide catheter or after. In
either case, the guide wire is steered and passed through
the guide catheter, coronary vessels and across a lesion.
The exposed portion of the guide wire is then grasped
while the catheter is advanced distally along the guide
wire across the lesion. Using this procedure, little axial
movement of the guide wire occurs during catheter
loading and positioning for angioplasty.

If the dilatation balloon is found to be inadequate (too
small or too large), the catheter can be similarly with-
drawn without removing the guide wire from across the
lesion. The guide wire is grasped while the catheter is
withdrawn, and when the proximal opening of the
guide wire lumen is reached, the grasping hand must be
moved incrementally away from the proximal opening
as the catheter is incrementally withdrawn, until the
catheter is fully removed from the guide catheter and
the guide wire is thus again exposed and accessible
adjacent to the proximal end of the guide catheter.

This shortened gnide wire lumen type of dilatation
catheter design thus offers the advantages associated
with the rapid exchangeability of catheters. The design
also presents the potential to provide a smaller catheter
shaft, since the guide wire is not contained within the
proximal portion of the catheter shaft. The smaller cath-
eter shaft thus allows for better contrast media injection
and, as a result, better visualization. In addition, because
of the rapid exchangeability features, standard non-
extendable guide wires of approximately 175 centime-
ters in length may be used. Further, because the guide
wire is contained in only a distal shorter guide wire
lumen of the catheter, free wire movement is enhanced
when compared to a standard over-the-wite catheter
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where the guide wire extends through a guide wire
lumen extending along the entire length of the catheter.

While several structures for such shortened guide
wire lumen dilatation catheter have been proposed
these structures suffer from several disadvantages. Such
catheters have been one piece polyethylene catheters
having dual lumen configurations adjacent their distal
regions. Typically, such catheters have larger than nec-
essary shaft sizes and are stiffer in their distal regions
than would be desired, including those portions bearing
the dilatation balloon. A further disadvantage is that the
proximal shaft portion of such catheters is relatively
flexible, and has Jow column strength shaft, so that it
tends to “bunch” and buckle when advanced across a
lesion. To counteract this deficiency in such designs,
additional stiffener elements have been provided in the
shaft, which necessarily either require a larger catheter
shaft to accommodate the stiffener element structure.
The known dilatation balloon catheter designs which
include shortened guide wire lumens extending through
the distal portion of the catheter suffer from the disad-
vantages mentioned above and do not take advantage of
the unique opportunities presented by the possibilities of
such designs in construction and application.

SUMMARY OF THE INVENTION

The present invention is an over-the-wire dilatation
balloon catheter which has a guide wire lumen extend-
ing through only a distal portion of the catheter. The
guide wire lumen extends from a distal end of the and
exits the catheter at a point proximal of the balloon, but
substantially distally from a proximal end of the cathe-
ter itself.

The present invention for a balloon dilatation cathe-
ter includes a thin-walled, high strength metallic tube
having a longitudinal inflation lumen extending there-
through from its proximal end to its distal end. An inter-
mediate sleeve section extends distally from the metallic
tube. The sleeve section is more flexible than the metal-
lic tube, and includes a proximal segment of inner core
tube which has a longitudinal guide wire lumen extend-
ing therethrough and an outer sleeve which extends
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over the proximal segment of the core tube to define a -

longitudinally extending annular inflation lumen there-
between that is in fluid communication with the infla-
tion lumen of the metallic tube. The guide wire lumen
has an outlet at a proximal end of the proximal segment
of the core tube, and the core tube has a distal segment
which extends distally beyond the distal end of the
outer sleeve. Means are provided for exposing the guide
wire lumen outlet to the exterior of the catheter adja-
cent and proximal to the distal end of the metallic tube,
without compromising the integrity of the inflation
lumens extending through the catheter. An inflatable
balloon extends over the distal segment of the core tube
and has its proximal end connected to the distal end of
the outer sleeve. A distal end of the balloon is con-
nected to the core tube so that an interior of the balloon
is in fluid communication with the annular inflation
lumen in the sleeve section. Means are provided for
preventing significant closure of the guide wire lumen
and annular inflation lumen in the sleeve section adja-
cent the distal end of the metallic tube when the more
flexible sleeve section is bent laterally relative to the
metallic tube.

In a preferred embodiiment of the present invention.
The metallic tube is formed from a proximal relatively
long stainless steel tube and a distal relatively short
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stainless steel tube bonded thereto. The outer diameter
of the proximal tube is smaller than the outer diameter
of the distal tube, thus providing a catheter structure
which is highly trackable and has a generally small shaft
outer diameter, yet is very pushable and responsive to a
doctor controlling movement of the catheter from its
proximal end. Preferably, the means for exposing in-
cludes a longitudinal crimp adjacent the distal end of
the distal stainless steel tube. The crimp extends later-
ally inwardly from one side of the distal tube, and has a
proximal transition region and distal bonding region.
The proximal end of the inner core tube is nested within
the distal bonding region of the crimp and bonded
thereto. The outer sleeve extends over at least a distal
portion of the bonding region and is sealably affixed
thereabout.

The means for preventing closure of a present inven-
tion may take a number of different forms. In a pre-
ferred embodiment, the means for preventing closure
comprises a coil member affixed to the sleeve section
adjacent the distal end of the metallic tube. As such, the
coil member may be affixed about the outer sleeve to
extend distally from the metallic tube or about the inner
core tube to extend distally from the metallic tube. Such
a coil member further may have its coil spaced uni-
formly apart or spaced increasingly apart as it extends
distally from the metallic tube. Preferably, the coil
member is formed from a spirally shaped ribbon. A
compression sheath is provided to envelope the coil
member and maintain the coil member in secure engage-
ment to the sleeve section. In an alternative embodi-
ment, the means for preventing closure comprises a
tubular member affixed to the sleeve section adjacent
the distal end of the metallic tube, with the tubular
member being formed from a polyimide material.

Such closure preventing means thus provide a bend-
ing relief design between the relatively stiff metallic
tube and more flexible distal region of the balloon dila-
tation catheter, to prevent kinking during catheter prep-
aration work and handling (prior to insertion of the
dilatation catheter into the guide catheter and patient).
Such kinking or “crimping” of the catheter can result in
a binding on the guide wire as it extends through the
guide wire lumen or a reduction in size of the annular
inflation lumen between the metallic tube and balloon
or a compromise in strength of the catheter tubings, all
of which will compromise the utility and responsiveness
of the dilatation catheter. In addition, the closure pre-
venting means reduces the possibility of a failure or
separation of the bonds adjacent the distal end of the
metallic tube which may be caused by excess strain
placed on such bonds during catheter preparation or
handling,.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a balloon dilata-
tion catheter of the present invention having a distal
guide wire lumen therethrough and showing a guide
wire.

FIG. 2 is a sectional side elevational view of the
balloon dilatation catheter of FIG. 1. )

FIG. 3 is an enlarged sectional view as taken along
lines 3—3 in FIG. 2.

FIG. 4 is a sectional side elevational view of a portion
of the catheter of the present invention, illustrating an
alternative structure for a reinforcing coil member
thereon.




Case 1:02-cv-189-RCL Document 1 Filed 02/14'. Page 46 of 67

5

FIG. 5 is a sectional side elevational view of a portion
of the catheter of the present invention, illustrating an
alternative structure for a reinforcing coil member
thereon,

) FIG. 6 i.s an enlarged sectional view as taken along
lines 6—6 in FIG. 5.

_FIG. 7 s a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

_ FIG. 8 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

_FIG.9 is.a sectional view of a portion of an alterna-
tive embodiment of the catheter of the
tion.

_ FIG. 10 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

_ FIG. 11s a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

_FIG. 12 is a sectional view of a portion of an alterna-
© tive embodiment of the catheter of the present inven.
tion. .

_ FIG. 13 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion. '

Althou'gh the above-identified drawing figures set
forth various embodiments of the invention, other em-
bodiments of the invention are also contemplated, as
notet_‘l in'the discussion. In all cases, this disclosure pres-
ents illustrated embodiments of the present invention by
way of representation and not limitation. It should be
understood that numerous other modifications and em-
bodiments can be devised by those skilled in the art
which will fall within the scope and spirit of the princi-
ples of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Overall Catheter Structure
A balloon dilatation catheter 20 of the present inven-

5,217,482

present inven- -
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20

tion is illustrated generally in FIG. 1. The catheter 20

has a proximal main shaft section 22, an intermediate
sleeve section 24 and a distal balloon section 26. The
main shaft section 22 has a proximal end 28 and a distal
end 30. Likewise, the intermediate sleeve section 24 has
a proximal end 32 and a distal end 34. The distal balloon
section 26 has a proximal waist 36, an intermediate
expandable segment 38 and a .distal waist 40.

As illustrated in FIG. 1, the distal end 30 of the main
shaft section 22 is connected to the proximal end 32 of
the sleeve section 24, and the distal end 34 of the sleeve
section 24 is connected to the proximal waist 36 of the
balloon section 26. In use, the catheter 20 is coupled to
an inflation device (not shown) by a luer manifold 42
connected to the proximal end 28 of the main shaft
section 22. The inflation device thus provides or re-
moves inflation solution from the catheter 20 to select-
ably inflate or deflate the intermediate expandable seg-
ment 38 of the distal balloon section 26 (in FIG. 1,
expandable segment 38 is shown in its inflated configu-
ration).

The catheter 20 of the present invention is designed
for use in combination with a catheter guide element
such as a guide wire 50. In use in a coronary application,
both the guide wire 50 and the catheter 20 are fed
through and guided to an arterial lesion by means of a
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tubular guide catheter (not shown). Both the catheter
20 and guide wire 50 are therefore longer than the guide
catheter, with a typical catheter length of approxi-
mately 135 cm and a typical guide wire length of ap-
proximately 175 cm. As illustrated in FIG. 1, the guide
wire 50 extends longitudinally along the exterior of the
main shaft section 22 of the catheter 20. Adjacent the
distal end 30 of the main shaft section 22, the guide wire
50 enters the structure of the catheter 20 and extends
distally therethrough until it exits the catheter structure
adjacent the distal waist 40 of the distal balloon segment
26. As seen FIG.. 2, a separate guide wire Jumen 52 is
provided in the catheter 20 through the intermediate
sleeve section 24 and distal balloon section 26 thereof.
The guide wire 50 thus is only entrained within the
catheter 20 within this guide wire lumen 52, which is
much shorter than the total length of the catheter 20
(e.g., the guide wire lumen 52 is approximately 30 cm
long). The guide wire 50 has a proximal end 53 and a
distal end 54 and is of a typical structure for guiding
angioplasty catheters. At its distal end 54, the guide
wire 50 preferably has a coiled and rounded tip struc-
ture which is bendable for steerability of the guide wire.
Referring now to FIG. 2, which shows the catheter
20 in greater detail, it is seen that the proximal end 28 of
the main shaft section 22 further has a strain relief tube
60 disposed between the luer manifold 42 and shaft
section 22. The strain relief tube 60 is larger than the
main shaft section 22, and thus provides a step-wise
strain relief function between the inflexible luer mani-
fold 42 and the more flexible main shaft section 22. The
main shaft section 22, tubular member 60 and luer mani-
fold 42 are secured together respectively by suitable
adhesive means, such as epoxy or cyanoacrylate.

Main Shaft Section

The main shaft section 22 is preferably formed as a
thin-walled, high strength stainless steel tube structure,
which is referred to as hypodermic tubing or hypotube.
As a tubular structure the main shaft section 22 thus has
a longitudinally extending inflation lumen 62 extending
therethrough from its proximal end 28 to its distal end
30, which provides a means for the movement and pres-
surization of inflation fluid through the catheter 20 to
and from the distal balloon section 26,

In a preferred embodiment, the main shaft section 22
is formed from two stainless steel tube sections, a proxi-
mal relatively long shaft section 64 and a distal rela-
tively short shaft section 66. A distal end of the proxi-
mal shaft section 64 and a proximal end of the distal
shaft section 66 are sealably affixed together by suitable
means, such as by a solder joint. The proximal end of
the distal shaft section 66 fits coaxially over the distal
end of the proximal shaft section 64, as seen in FIG. 2,
thereby allowing the proximal shaft section 64 to as-
sume a smaller outer diameter than the distal shaft sec-
tion 66. The main shaft section 22 is provided with a
lubricous coating (such as polytetraflouroethylene) to
lessen frictional resistance (at least to the extent that the
proximal shaft section 64 is so coated). The use of a
thinwalled (e.g., 0.003 inch wall thickness), metallic
tube structure for the main shaft section 22 thus pro-
vides a stiff enough shaft for pushability yet allows for
a relatively small diameter shaft, thereby enhancing
catheter visualization via fluoroscopy and catheter ver-
satility. The inherent ‘high strength nature of such a
structure also allows it to withstand the fluid pressures
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necessary for proper catheter operation, which in a
plastic shaft structure would require thicker walls. The
high column strength and thickness of a hypotube shaft
also gives improved responsiveness to the catheter.
Thus, the balloon and distal regions of the catheter
move definitively (in a 1:1 relationship) with motions
imparted at the catheter’s proximal end by a physician.
This feature allows the physician to actually “sense” the
pathway as the catheter is tracked, which gives valu-
able information in the passage of the catheter to and
through the lesion.

In the distal shaft section 66 of the main shaft section
22, a longitudinal crimp 68 is provided which extends
laterally inwardly from one side of the distal section 66.
The distal shaft section 66 has three sections, a proximal
tubular region 70, a transition region 72, and a distal
bonding region 74. The crimp 68 extends from its proxi-
mal origin in the transition region 72 to its greatest
lateral depth in the bonding region 74. The crimp 68, as
further illustrated in FIG. 3, does not seal off or close
the inflation lumen 62, but does transform the inflation
lumen from a circular lumen 62 to a crescent shape
through the bonding region 74, as seen at 63 in FIG. 3.

Catheter Intermediate Sleeve Section

The intermediate sleeve section 24 extends distally
from the main shaft section 22, and is bonded thereto
adjacent the bonding region 74 of the distal shaft section

66. The intermediate sleeve section 24 has two primary

longitudinal components, an inner core tube 80 and an
outer sleeve or tube 82. The inner core tube 80 has a
proximal segment 84 within the sleeve section 24 and a
distal segment 86 within the distal balloon section 26,
The inner core tube 80 and outer sleeve 82 are both
preferably formed from thin-walled high density poly-
ethylene.

The inner core tube 80 has a proximal end 88 and a
distal end 90. At its proximal end 88, the core tube 80 is
nested within the bonding region 74 of the distal shaft
section 66 and bonded thereto by suitable means, such
as epoxy or cyanoacrylate. The core tube 80 is thus
affixed to the main shaft section 22 in an “off-axis”

alignment at the bonding region 74. However, as seen in -

FIG. 2, as the core tube 80 extends distally from the
main shaft section 22, it is aligned generally coaxially
with the shaft section 22.

The core tube 80 defines the guide wire lurnen 52
extending through the catheter 20. The guide wire
lumen thus has a proximal outlet 92 adjacent the proxi-
mal end of the core tube 80 and a distal outlet 94 adja-
cent the distal end 90 of the core tube 80. At least one
marker band 96 is provided about the core tube 80 (pref-
erably centered within the expandable segment 38 of
the distal balloon section 26) to aid in illuminating the
position of the catheter 20 via fluoroscopy during an
angioplasty procedure.

The outer sleeve 82 is generally tubular in form, and
has a proximal end 100 and a distal end 102. The outer
sleeve 82 is bonded about the distal shaft section 66 and
the core tube 80 adjacent the bonding region 74, as seen
in FIGS. 2 and 3 and is held in place thereto by suitable
means, such as epoxy or cyanoacrylate. The outer
sleeve 82 extends distally from the main shaft section 22
over the proximal segment 84 of the core tube 80, and as
such, defines a distal continuation of the inflation lumen

“of the catheter 20. A longitudinally extending annular
inflation lumen 104 is formed between the core tube 80
and outer sleeve 82. Of course, the proximal end 100 of
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the outer sleeve 82 is securely sealed about the distal
shaft section 66 and the core tube 80 so that the longitu-
dinal inflation lumens 62 and 104 through the catheter
20 are not compromised to the exterior of catheter 20,
but are in fluid communication therethrough.

The intermediate sleeve structure defined above is
the basic sleeve structure for all embodiments of the
present invention contemplated and disclosed herein—-
namely, an inner core tube bonded to a distal portion of
the main catheter shaft, with an outer sleeve forming an
annular continuation of the inflation Jumen through the
main shaft between the core tube and outer sleeve. As
discussed below and illustrated herein, various configu-
rations of the connections and components relative to
the formation of the distal guide wire lumen, including
the coupling of the main shaft to the intermediate sleeve
section, are contemplated.

Catheter Distal Balloon Section

The distal balloon section 26 is connected to the com-
ponents of the intermediate sleeve section 24. The prox-
imal waist 36 of the balloon section 26 is connected to
the distal end 102 of the outer sleeve 82 by suitable
means, such as by epoxy or cyanoacrylate. The distal
waist 40 of the balloon section 26 is bonded to the core
tube 80 adjacent its distal end 90 by suitable means, such
as by epoxy or cyanoacrylate. An interior 106 of the
balloon section 26 is thus sealed and in fluid communi-
cation with the annular inflation lumen 104 within the
sleeve section 24, In a preferred embodiment, the bal-
loon section 26 is formed from a compliant balloon
tnaterial (e.g., polyolefin), although a balloon formed
from thin-walled non-compliant material (e.g., PET--
-polyethylene terephthalate) is also contemplated.

Kink-resistant Structure

The metallic main shaft section 22 is relatively stiff
compared to the polyethylene intermediate sleeve sec-
tion 24. This creates a rather abrupt change in the flexi-
bility of the materials for the catheter 20 adjacent the
distal end 30 of the main shaft section 22 (at the bonding
region 74). The use of a hypotube for the main shaft
section 22 in the catheter 20 creates a catheter which is
considerably stiffer than most previous over-the-wire
angioplasty balloon catheter designs. Such stiffness is
not a concern as long as the metallic main shaft section
22 remains in the relatively straight guide catheter
within the patient, and indeed such stiffness provides
distinct benefits in use of the catheter 20, as described
above. In the distal portions of the catheter 20 (interme-
diate sleeve section 24 and distal balloon section 26), the
catheter 20 must be very trackable and flexible in order
to negotiate the tortuous coronary anatomy to and
across the lesion. The relatively sharp transition in stiff-
ness as the catheter structure changes from the metallic
main shaft section 22 to the much more flexible polymer
intermediate sleeve section 24 creates two concerns.
First, during handling of the catheter prior to usage,
there is & potential to kink the catheter structure at that
flexibility transition point. Secondly, when the catheter
is in vivo, the distal end 30 of the main shaft section 22
could potentially “dig in” to the guide catheter and
create excessive friction due to the lack of bending
support from the more flexible intermediate sleeve sec-
tion 24.

To address these concerns, a kink-resistent structure
110 is provided to prevent kinking and possible damage
to the intermediate sleeve section 24 during catheter
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preparation, handling and use. In its simplest form, this
kink-resistent structure 110 provides a member of inter-
mediate stiffness or transitory stiffness and kink-resist-
ant nature between the relatively stiff main shaft section
22 and the relatively flexible intermediate sleeve section
24. The kink-resistent structure 110 includes a coil mem-
ber 112 affixed to the intermediate sleeve section 24
adjacent the distal end 30 of the main shaft section 22.
The coil member 112 creates an intermediate stiffener
element between the relatively stiff main shaft section
22 and the relatively flexible intermediate sleeve section
24 to allow bending of the catheter without kinking.
The coil member 112 preferably has its coils spaced
uniformly apart, and is preferably formed from a spiral
ribbon of stainless steel placed about the outer sleeve 82
_ along that portion thereof extending over the bonding
region 74 and distally therefrom. The coil member 112
is secured to the outer sleeve 82 by suitable adhesive
means, such as by epoxy. To further secure the coil
member 112 to the intermediate sleeve section 24, a
heat-shrinkable sheath 114 is fitted over the coil mem-
ber 112. Preferably the sheath 114 is formed from a
polyimide or polyolefin material which is expanded
radially outwardly and then shrunk down over the coil
member 112 and outer sleeve 82 to secure the coil mem-
ber 112 thereto. To further secure the sheath 114 and
coil member 112 in place, some adhesive is provided
between the sheath 114 and the intermediate sleeve
section 24. By covering the ends of the coil member
112, the sheath 114 also lessens the chances of those
ends providing a rough edge or catch as the catheter 20
is advanced through the guide catheter or artery.
Although the kink-resistant structure is described and
illustrated in connection with a balloon dilatation cathe-

ter, it is contemplated that such a structure be employed

in any catheter shaft as a transition from a first thin-
walled, high strength metallic tube structure to a second
tube structure which is more flexible than the metallic
tube structure. Such a kink-resistant structure, as de-
scribed above (and also below in various embodiments),
may be employed in a single lJumen catheter shaft, or in
multiple lumen catheter shaft having a central core tube

such as the multi-lumen shaft illustrated by the interme--

diate sleeve section of the catheter disclosed in FIGS.
1-4.

Alternative Catheter Embodiment

Numerous alternative embodiments of the catheter of
the present invention are contemplated. For example,
several alternative arrangements for the main shaft sec-
tion and intermediate sleeve structure portion of the
catheter are illustrated and discussed herein, but it is not
intended that the illusirated embodiments are all in¢lu-
sive of those structures and designs which are included
within the spirit and scope of the present invention. In
the following discussion of further alternative embodi-
ments of the present invention, to the extent a compo-
nent is identical to that of a previously described em-
bodiment, like reference numerals are used.

FIG. 4 illustrates an alternative embodiment for the
distal portion of a catheter according to the present
invention. Specifically, the outer sleave (of the interme-
diate sleeve section) and the distal balloon section are
formed from the same component, as a nnjtary member.
Thus, proximal waist 36A of distal balloon section 26A
is elongated proximally and acts as the outer sleeve for
intermediate sleeve section 24A. A proximal end 115 of
the proximal waist 36A is sealably fixed about the core
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tube 80 and main shaft section 22 adjacent the bonding
region 74 thereof. It should be understood that the pros-
pect of having a unitary outer sleeve and balloon mem- -
ber is applicable to all embodiments disclosed herein
and contemplated, although it is only illustrated and
discussed with respect to the catheter structure of FIG.
4.

FIG. 4 also shows another variation for the catheter's
structure illustrated in FIGS. 1-3. In FIG. 4, kink-resist-
ant structure 110A includes coil member 112A which is
defined as a spiral ribbon of stainless steel placed about
a proximal portion of the proximal waist 36A along the
bonding region 74 and distally therefrom. The coil
member 112A does not have its coils uniformly spaced
apart, but rather has its coils spaced increasingly further
apart as the coil member extends distally from the main
shaft section 22. This results in a coil member 112A
which becomes increasingly more flexible, thereby
“feathering out” the change in relative stiffness and
strain or kink relief between the relatively inflexible
main shaft section 22 and the relatively flexible interme-
diate sleeve section 24A. As before, a heat-shrinkable
sheath 114A is fitted over the coil member 112A to
further secure the coil member 112A to the sleeve sec-
tion 24A. :

In FIG. 5, a modified main shaft section 22B is illus-
trated. The main shaft section 22B is formed as a thin-
walled, high strength stainless steel tube or hypotube,
but is defined as a single tubular shaft 117 from its proxi-
mal end to its distal end 30B. The single shaft 117 has a
longitudinally extending inflation lumen 2B there-
through, and at its proximal end (not shown) the single
shaft 117 is mounted to an inflation device in a manner
such as that illustrated for the catheter of F1G. 2. Adja-
cent its distal end 30B, the single shaft 17 has a longitu-
dinal crimp 68B which extends laterally inwardly from
one side of the single shaft 117. The single shaft 117 thus
has three sections, a proximal, relatively elongated tu-
bular region 70B, a relatively short distal transition
region 72B and a relatively short distal bonding region
74B. The crimp 68B extends from its proximal origin in
the transition region 72B to its greatest lateral depth in
the bonding region 74B. The crimp 68B does not seal or
close off the inflation lumen 62B, but rather transforms
the inflation lumen 62B from a circular lumen to a half-

- moon lumen through the bonding region 74B, as seen at
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63B in FIG. 6. It is again understood that the use of a
single tube to define the main shaft section of the cathe-
ter of the present invention is applicable to the other
alternative embodiments of the catheter structures dis-
closed herein. '

FIGS. § and 6 also illustrate an alternative arrange-
ment for the kink-resistant structure of the inventive
catheter. Kink-resistant structure 210 includes coil
member 212. The sleeve section 24B includes an outer
sleeve 82B and an inner core tube 80B, with the core
tube 80B adapted to be nested within and bonded to the
main shaft section 22B in its distal bonding region 74B.
The coil member 212 of the kink-resistant structure 210
is positioned about the core tube 80B within the distal
bonding region 74B and extending distally therefrom.
The coil member 212 is preferably formed from stainless
steel (either from a wire or ribbon) and may have uni-
form coil spacing or increasingly spaced coils as the coil
member 212 extends distally from the main shaft section
22B. The coil member 212 is secured to the core tube
80B by suitable means, such as by embedding the coil
member 212 in an epoxy layer 214 about the core tube
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BOB. A proximal end 100B of the outer sleeve 82B is
bonded about the main shaft section 22B and inner tube
BOB and coil structure 210 in the bonding region 74B
thereof, as seen in FIGS. 5 and 6. In the intermediate
s]_eeve section 24B, the inner core tube 80B thus pro-
vides a guide wire lumen 52B therethrough, and an
annular inflation Jumen 104B is provided between the
inner tube 80B and outer sleeve 82B. Although the
kink-resistant structure 210 is within the annular infla.
tion lumen 104 and the outer sleeve 82B necks down
distally from the main shaft section 22B, the size of the
annular inflating lumen 104 is sufficient to provide
praper fluid flow to and from the catheter’s balloon.

FIGS. 7-13 illustrate an alternative configuration for
that portion of the catheter adjacent the proximal inlet
of the guide wire lumen. Instead of providing a crimp
structure in the distal end of the main shaft section, an
aperture is provided adjacent to and proximal of the
distal end of the main shaft section. The aperture is
aligned and sealably coupled to the inner tube to define
the guide wire Jumen proximal outlet. In all disclosed
embodiments, the main shaft section is preferably
formed from a hypotube-like material.

As seen in FIG. 7, an alternative embodiment of the
catheter of the present invention has a proximal main
shaft section 22C formed from thin-walled, high
strength stainless steel tubing. A longitudinally extend-
ing inflation lumen 62C extends therethrough from a
proximal end of the main shaft section 22C to its distal
end 30C. In the embodiment seen in FIG. 7, the main
shaft 22C is formed from two stainless stee] tube sec-
tions, a proximal relatively long shaft section 64C and a
distal relatively short shaft section 66C bonded on the
distal end of the proximal section 64C. This two-part
main shaft section structure thus allows a substantial
length of the main shaft section 22C to be formed from
the proximal shaft section 64C which has a smaller
diameter than the distal shaft section 66C.

The distal shaft section 66C has an oval-shaped aper-
ture 119 extending through its wall, with the oval being
elongated in the longitudinal direction of the main shaft

section 22C. The aperture 119 is spaced proximally .
from a distal end of the distal shaft section 66C (the

distal end 30C of the main shaft section 22C). The space
between the aperture 119 and distal end 30C thus de-
fines in part a bonding region 121 for connecting the
main shaft section 22C to a distally extending intermedi-
ate sleeve section 24C.

As before, the intermediate sleeve section 24C in-
cludes an inner core tube 80C and an outer sleeve 82C.
A proximal end 88C of the core tube 80C is sealably
bonded about the aperture 119 to align the proximal end
88C and aperture 119 and thereby define a proximal
outlet let 92C for a guide wire lumen 52C extending
through the core tube 80C. As seen in FIG. 7, a proxi-
mal portion 23 of the core tube 80C extends laterally
from the aperture 119 into the distal shaft section 66C
and turns longitudinally and distally relative thereto to
be aligned generally coaxially therewith. As such, the
inflation lumen 62C is continued distally past the aper-
ture 119 as a generally annular inflation lumen 125,
between the core tube 88C and distal shaft section 66C
(along the bonding region 121). Proximal end 100C of
the outer sleeve 82C is bonded about the distal shaft
section 66C in the bonding region 121 by a suitable
means, such as by epoxy or cyanoacrylate. As seen in
FIG. 7, the outer sleeve 82C extends distally from the
main shaft section 22C over the core tube 80C and
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defines a longitudinally extending annular inflation
lumen 104C between the core tube 80C and outer sleeve
2C. The proximal end 100C of the outer sleeve 82C is
sealed about the distal shaft section 66C so that the
longitudinal inflation lumens 62C, 125 and 104C are not
compromised to the exterior of the catheter, but are in
fluid communication therethrough.

In FIG. 7, kink-resistant structure 310 includes coil
member 312 (of a wire or ribbon-like structure) which is
bonded about the outer sleave 82C to extend distally
from the distal end 30C of the main shaft section 22C. In
this embodiment, the coil member 12 does not extend
about any portion of the main shaft 2C. The coil mem-
ber 312 is secured to the outer sleeve 2C by suitable
adhesive means, such as epoxy 314, and is embedded
therein to firmly hold the coil member 312 in place
about the intermediate sleeve section 24C. In the em-
bodiment of FIG. 7, the coil member 312 is illustrated
With its coils being spaced increasingly longitudinally
apart as the coil member 312 extends distally along the
catheter.

FIGS. 8-13 also illustrate embodiments of the cathe-
ter of the present invention wherein an aperture is pro-
vided through the main shaft section wall to accommo-
date the proximal outlet for the relatively short, distal
guide wire lumen. As opposed to the embodiment of
FIG. 7, however, the embodiments illustrated in FIGS.
8-13 show the main shaft section as a single shaft rather
than as a multi-part shaft. Indeed, FIG. 8 illustrates a
catheter structure identical to that of FIG. 7, except
that the main shaft section 22D is shown as a single shaft
217, rather than baving proximal and distal shaft sec-
tions 64C and 66C as seen in FIG. 7. As such, the cathe-
ter inflation Jumen includes longitudinally extending
inflation lumens 62D, 125D and 104D.

FIG. 9 is an embodiment of the catheter of the pres-
ent invention otherwise similar to FIG. 8, except that
kink-resistant structure 410 has coil member 412 with
uniformly spaced coils along the entire length. Again,
the entire coil member 412 is fixed to the onter sleeve
82C of the intermediate sleeve section 24C by embed-
ding the coil member 412 within a suitable material such
as epoxy or cyanoacrylate 414.

In the catheter structure of FIG. 10, intermediate
section 24E has an inner core tube 80E and an outer
sleeve 82E. The structure of the catheter is otherwise
the same as the catheter of F1G. 9, except that the kink-
resistant structure thereof is positioned inside the outer
sleeve 82E rather than outside of the outer sleeve. Kink-
resistant structure 510 is affixed to an inner surface of
the outer sleeve 82E distally of the main shaft section
22D by a suitable means, such as embedded adhesive
514 The kink-resistant 510 includes coil member 512
which provides an intermediate stiffener between the
relatively stiff' main shaft section 22D and the relatively
flexible intermediate sleeve section 24E. As seen, the
outer sleeve 82E necks down distally from the kink-
resistant structure 510 to provide a lower profile for the
catheter in its distal regions. An annular inflation lJumen
1ME formed between the inner tube 80E and outer
sleeve 82E (and at a proximal end thereof, between the
inner tube 80E and the kink-resistant structure 510) is
not compromised by such a necked-down sleeve design
but maintained at sufficient size to provide for adequate
and quick inflation and deflation of the balloon.

In FIG. 11 intermediate sleeve section 24F includes
an inner core tube 80F and an outer sleeve 82F. Kink-
resistant structure 610 is mounted about the inner tube
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80F along the bonding region 121 and extending distally
from the main shaft section 22D into the intermediate
sleeve section 24F. The kink-resistant structure includes
coil member 612 which is affixed about the core tube
80F by suitable means such as being embedded in epoxy
or another suitable adhesive 614. As seen in FIG. 11, the
outer sleeve 82F has an enlarged diameter at its proxi-
mal end to accommodate the main shaft section 22D
and the kink-resistant structure 610, and so that the
annular infiation lumens 125F and 104F about the core
tube 80F remain sufficiently large to provide proper
inflation and deflation pressures to the balloon of the
catheter,

FIGS. 12 and 13 illustrate a further variation of the
kink-resistant structure of the present invention. In the
embodiments of FIGS. 12 and 13, the kink-resistant
structure does not include a coil member, is formed
from a polymer tube which is of intermediate stiffness
between the main shaft section and intermediate sleeve
section. In FIG. 12, kink-resistant structure 710 is pro-
vided which is formed from a polyimide or other stiff
polymer tube 727. The tube 727 is bonded about an
inner core tube 80G of the intermediate sleeve section
24G by a suitable adhesive, such as epoxy or cyanoacry-
late. The tube 727 extends through a distal portion of
the bonding region 121 and distally beyond the main
shaft section 22D into the intermediate sleeve section
24G. Again, an outer sleeve 82G of the sleeve section
24G has an enlarged diameter at its proximal end to
accommodate the main shaft section 22D and the kink-
resistant structure 710, and so that the components are
dimensioned such that annular inflation lumens 125G
~ and 104G are not compromised.

In FIG. 13, kink-resistant structure 810 is illustrated,
as formed from a polyimide or other stiff polymer tube
829 which is bonded to the inner surfaces of both the
main shaft section 22D and an outer sleeve 82H of an
intermediate sleeve section 24H at a bonding region
121H. The tube 829 thus provides not only a kink-resist-

ant structure to accommodate the change in stiffness of .

the main shaft section and intermediate sleeve section,
but also provides a substrate for bonding the two cathe-
ter sections together by a suitable adhesive, such as
€poXy Of cyanoacrylate. A core tube 80H of the sleeve
section 24H extends through the interior of the tube 829
to the aperture 119 on the main shaft section 22D. Thus,
an annular longitudinally extending inflation lumen 131
is formed as a “bridge lumen” (between the core tube
.80H and tube 829) from the inflation lumen 62D to an
annular inflation lumen 104H within the sleeve section

24H. .

As mentioned above, various combinations of these
alternative component and catheter structures are con-
templated and are intended to be considered, although
not explicitly shown. For example, it is contemplated
that a two-part main shaft section structure (such as
illustrated in FIGS. 2, 4 and 7) may be combined with
any one of the kink-resistant structure such as that illus-
trated in FIGS. 8-13. By way of example and not litnita-
tion, a further example of such a combination may in-
clude the use of a distal balloon section having an elon-
gated proximal waist (such as shown in FIG. 4) with
any of the alternative kink-resistant structures disclosed
herein.
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Conclusion

The balloon dilatation catheter of the present inven-
tion is an over-the-wire catheter structure with a distal
guide wire lumen which optimizes the features of such
a catheter in a way not previously considered or
achieved. The use of a hypotube-type main shaft for the
catheter allows the attainment of a high strength, pusha-
ble shaft having thin walls and small diameter. The
further use of a two-part hypotube shaft structure al-
lows an even smaller diameter for the proximal elon-
gated section of the main catheter shaft. Employing a
crimp as a means for aligning and creating a proximal
outlet for the relatively short guide wire lumen also
serves to provide a transition region for exit of the guide
wite from the catheter itself which is relatively gradual.
The crimped shaft design also provides additional stiff-
ness in the transition region where the guide wire enters
and exits the catheter proximally of the balloon thereof,
thereby creating a more rigorous catheter structure.
Because the catheter of the present invention is based
upon a relatively stiff proximal main shaft section, and
such a catheter must have a relatively flexible distal
portion for working through the tortuous arterial anat-
omy, a strain relief or kink-resistant structure is pro-
vided to make a more gradual transition between the
relatively stiff main catheter shaft and the relatively
flexible distal portion of the catheter. Various configu-
rations of strain relief and kink-resistant structures are
disclosed herein, and all are believed suitable to accom-
plish the desired end of preventing significant closure of
the guide wire lumen and annular inflation lumen in the
more flexible distal portions of the catheter, especially
adjacent the distal end of the main catheter shaft.

Although the present invention has been described
with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

What is claimed is: '

1. A balloon dilatation catheter comprising:

a metallic tube defining a first shaft section having a

proximal end and a distal end;

a second shaft section, more flexible than the first
shaft section, disposed distally of the first shaft
section; :

the first and second shaft sections having an inflation
lumen defined therethrough;

a dilatation balloon attached to the distal end of the
second shaft section, the dilatation balloon being in
fluid communication with the inflation lumen such
that inflation pressure may be provided to the bal-
loon therethrough;

an intermediate section disposed between the first
shaft section and the second shaft section, the inter-
mediate section configured to have a stiffness be-
tween the stiffness of the first shaft section and the
stiffness of the second shaft section; and

a guide wire tube extending through the interior of
the balloon, the guide wire tube defining a second
and shorter lumen than the inflation lumen, the
second lumen having a proximal guide wire open-
ing at its proximal end and a distal guide wire open-
ing at its distal end, the proximal guide wire open-
ing being disposed along the intermediate section
between the first and second shaft sections and the
second lumen being formed and aligned to receive
a guide wire therein such that the catheter may be

slidably moved on the guide wire.
* ¥ % *x %
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[57] ABSTRACT

An over-the-wire balloon dilatation catheter has a stain-
less steel hypotube catheter shaft, an intermediate
sleeve section bonded to the shaft and a distal balloon
section connected to the sleeve section. The sleeve
section is formed from relatively flexible polymer mate-
rials and includes an inner core tube which defines a
guide wire lumen extending only through a distal por-

tion of the catheter (including its sleeve and balloon

sections) to facilitate fast balloon catheter exchanges. A
distal end of the hypotube shaft is crimped laterally and
the core tube is nested and bonded within the crimp to
provide a proximal outlet for the guide wire lumen. The
hypotube shaft provides an inflation lumen for the bal-
loon, with the inflation lumen being continued as an
annular inflation lumen through the sleeve section
where an outer sleeve is bonded about the core tube and

-extends from the distal end of the hypotube shaft to the

balloon section. A kink-resistant coil structure extends
distally from the distal end of the hypotube shaft to
provide a gradual change in stiffness along the length of
the catheter from the relatively stiff hypotube shaft to
the relatively flexible distal portion of the catheter.

15 Claims, 6 Drawing Sheets
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BALLOON CATHETER WITH DISTAL GUIDE
WIRE LUMEN

RELATED APPLICATIONS

This is a continuation application of pending prior
.application Ser. No, 07/792,786, filed on Nov. 15, 1991,
now U.S. Pat. No. 5,217,482, which is a continuation of
prior application Ser. No. 07/574,265, filed on Aug. 28,
1990, which issued as U.S. Pat. No. 5,156,594, on QOct.
20, 1992.

BACKGROUND OF INVENTION

The present invention relates to the field of angio-
plasty. In particular, the present invention relates to a
dilatation balloon catheter of the “over-the-wire” type
having a relatively short distal guide wire lumen ex-
tending through the balloon of the catheter.

Angioplasty procedures have gained wide accep-
tance in recent years as efficient and effective methods
for treating types of vascular disease. In particular,
angioplasty is widely used for opening stenoses in the
coronary arteries, although it is also used for the treat-
ment of stenoses in other parts of the vascular system.

The most widely used form of angioplasty makes use
of a dilatation catheter which has an inflatable balioon
at its distal end. Typically, a hollow guide catheter is
used in guiding the dilatation catheter through the vas-
cular system to a position near the stenoses (e.g., to the
coronary artery ostia). Using fluoroscopy, the physician
guides the dilatation catheter the remaining distance
through the vascular system until a balloon is positioned
to cross the stenoses. The balloon is then inflated by
supplying fluid under pressure through an inflation
lumen in the catheter to the balloon. The inflation of the
balloon causes stretching of the artery and pressing of
the lesion into the artery wall, to reestablish acceptable
blood flow through the artery.

There has been a continuing effort to reduce the
profile and shaft size of the dilatation catheter so that
the catheter not only can reach but also can cross a very
tight stenosis. A successful dilatation catheter must also
be sufficiently flexible to pass through tight curvatures,
especially in the coronary arteries. A further require-
ment of a successful dilatation catheter is its “pushabil-
ity”. This involves the transmission of longitudinal
forces along the catheter from its proximal end to its
distal end so that a physician can push the catheter
through the vascular system and the stenoses.

Two commonly used types of dilatation catheters are
referred to as “over-the-wire” catheters and “non-over-
the-wire” catheters. An over-the-wire catheter is one in
which a separate guide wire lumen is provided in the
catheter so that a guide wire can be used to establish the
path through the stenoses. The dilatation catheter can
then be advanced over the guide wire until the balloon
on the catheter is positioned within the stenoses. One
problem with the over-the-wire catheter is the require-
ment of a larger profile and a generally larger outer
diameter along the entire length of the catheter in order
to allow for a separate guide wire lumen therethrough.

A non-over-wire catheter acts as its own guide wire,
and thus there is no need for a separate guide wire lu-
men. One advantage of a non-over-the-wire catheter is
its potential for a reduced outer diameter along its main
shaft since no discrete guide wire lumen is required.
However, one disadvantage is the inability to maintain
the position of the guide wire within the vascular sys-
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2
tem when removing the catheter and exchanging it for
a catheter having a smaller (or larger) balloon diameter.
Thus, to accomplish an exchange with a non-over-the-
wire catheter, the path to the stenoses must be reestab-
lished when replacing the catheter with one having a
different balloon diameter.

In an effort to combine the advantages of an over-the-
wire catheter with a non-over-the-wire catheter, cathe-
ters have been developed which have guide wire lu-
mens which extend from a distal end of the catheter
through the dilatation balloon and then exit the catheter
at a point proximal of the dilatation balloon. The guide
wire thus does not extend through the entire length of
the catheter and no separate guide wire lumen is re-
quired along a substantially proximal section of the
catheter. That proximal section can thus have a smaller
outer diameter since it is only necessary to provide an
inflation lumen therethrough for catheter operation. A
further advantage of this type of modified over-the-wire
catheter is that the frictional forces involved between
the guide wire and the shortened guide wire lumen are
reduced, thereby reducing resistance to catheter pusha-
bility and enhancing the “feel” and responsiveness of
the catheter to a physician.

Perhaps the most significant advantage of using 2
shortened guide wire lumen is in the ease of exchange of
the catheter over the guide wire. In performing an angi-
oplasty procedure using such a catheter, the catheter is
“pack loaded” over the guide wire by inserting the
proximal tip of the guide wire into a distal opening of
the guide wire lumen in the catheter. The catheter is
then advanced by “feeding” the catheter distally over
the guide wire while holding the guide wire stationary.
The proximal end of the guide wire will then emerge
out of the proximal opening of the guide wire lumen
(which is substantially spaced distally from the proximal
end of the catheter itself) and is accessible again for
gripping by the physician. The catheter can be pre-
loaded onto the guide wire in this manner before the
guide wire is inserted into the guide catheter or after. In
either case, the guide wire is steered and passed through
the guide catheter, coronary vessels and across a lesion.
The exposed portion of the guide wire is then grasped
while the catheter is advanced distally along the guide
wire across the lesion. Using this procedure, little axial
movement of the guide wire occurs during catheter
loading and positioning for angioplasty.

If the dilatation balloon is found to be inadequate (too
small or too large), the catheter can be similarly with-
drawn without removing the guide wire from across the
lesion. The guide wire is grasped while the catheter is
withdrawn, and when the proximal opening of the
guide wire lumen is reached, the grasping hand must be
moved incrementally away from the proximal opening
as the catheter is incrementally withdrawn, until the
catheter is fully removed from the guide catheter and
the guide wire is thus again exposed and accessible
adjacent to the proximal end of the guide catheter.

'This shortened guide wire lumen type of dilatation
catheter design thus offers the advantages associated
with the rapid exchangeability of catheters. The design
also presents the potential to provide a smaller catheter
shaft, since the guide wire is not contained within the
proximal portion of the catheter shaft. The smaller cath-
eter shaft thus allows for better contrast media injection
and, as a result, better visualization. In addition, because
of the rapid exchangeability features, standard non-
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extendable guide wires of approximately 175 centime-
. ters in length may be used. Further, because the guide
wire is contained in only a distal shorter guide wire
lumen of the catheter, free wire movement is enhanced
when compared to a standard over-the-wire catheter
where the guide wire extends through a guide wire
lumen extending along the entire length of the catheter.

While several structures for such shortened guide
wire lumen dilatation catheter have been proposed
these structures suffer from several disadvantages. Such
catheters have been one piece polyethylene catheters
having dual lumen configurations adjacent their distal
regions. Typically, such catheters have larger than nec-
essary shaft sizes and are stiffer in their distal regions
than would be desired, including those portions bearing
the dilatation balloon. A further disadvantage is that the
proximal shaft portion of such catheters is relatively
flexible, and has low column strength shaft, so that it
tends to “bunch” and buckle when advanced across a
lesion. To counteract this deficiency in such designs,
additional stiffener elements have been provided in the
shaft, which necessarily require a larger catheter shaft
to accommodate the stiffener element structure. The
known dilatation balloon catheter designs which in-
clude shortened guide wire lumens extending through
the distal portion of the catheter suffer from the disad-
vantages mentioned above and do not take advantage of
the unique opportunities presented by the possibilities of
such designs in construction and application.

SUMMARY QOF THE INVENTION

The present invention is an over-the-wire dilatation
balloon catheter which has a guide wire lumen extend-
ing through only a distal portion of the catheter. The
guide wire lnmen extends from a distal end of the cathe-
ter proximally through a balloon of the catheter and
exits the catheter at a point proximal of the balloon, but
substantially distally from a proximal end of the cathe-
ter itself.

The present invention for a balloon dilatation cathe-
ter includes a thin-walled, high strength metallic tube
having a longitudinal inflation lumen extending there-
through from its proximal end to its distal end. An inter-
mediate sleeve section extends distally from the metallic
tube. The sleeve section is more flexible than the metal-
lic tube, and includes a proximal segment of inner core
tube which has a longitudinal guide wire lumen extend-
ing therethrough and an outer sleeve which extends
over the proximal segment of the core tube to define a
longitudinally extending annular inflation lumen there-
between that is in fluid communication with the infla-
tion lumen of the metallic tube. The guide wire lumen
has an outlet at a proximal end of the proximal segment
of the core tube, and the core tube has a distal segment
which extends distally beyond the distal end of the
outer sleeve. Means are provided for exposing the guide
wire lumen outlet to the exterior of the catheter adja-
cent and proximal to the distal end of the metallic tube,
without compromising the integrity of the inflation
lumens extending through the catheter. An inflatable
balloon extends over the distal segment of the core tube
and has its proximal end connected to the distal end of
the outer sleeve. A distal end of the balloon is con-
nected to the core tube so that an interior of the balloon
is in fluid communication with the annular inflation
lumen in the sleeve section. Means are provided for
preventing significant closure of the guide wire Iumen
and annular inflation lumen in the sleeve section adja-
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4
cent the distal end of the metallic tube when the more
flexible sleeve section is bent laterally relative to the
metallic tube.

In a preferred embodiment of the present invention,
the metallic tube is formed from a proximal relatively
long stainless steel tube and a distal relatively short
stainless steel tube bonded thereto. The outer diameter
of the proximal tube is smaller than the outer diameter
of the distal tube, thus providing a catheter structure
which is highly trackable and has a generally small shaft
outer diameter, yet is very pushable and responsive to a
doctor controlling movement of the catheter from its
proximal end. Preferably, the means for exposing in-
cludes 2 longitudinal erimp adjacent the distal end of
the distal stainless steel tube. The crimp extends later-
ally inwardly from one side of the distal tube, and has a
proximal transition region and distal bonding region.
The proximal end of the inner core tube is nested within
the distal bonding region of the crimp and bonded
thereto. The outer sleeve extends over at least a distal
portion of the bonding region and is sealably affixed
thereabout.

The means for preventing closure of a present inven-
tion may take a number of different forms. In a pre-
ferred embodiment, the means for preventing closure
comprises a coil member affixed to the sleeve section
adjacent the distal end of the metallic tube. As such, the
coil member may be affixed about the outer sleeve to
extend distally from the metallic tube or about the inner
core tube to extend distally from the metallic tube. Such
a coil member further may have its coils spaced uni-
formly apart or spaced increasingly apart as it extends
distally from the metallic tube. Preferably, the coil
member is formed from a spirally shaped ribbon. A
compression sheath is provided to envelope the coil
member and maintain the coil member in secure engage-
ment to the sleeve section. In an alternative embodi-
ment, the means for preventing closure comprises a
tubular member affixed to the sleeve section adjacent
the distal end of the metallic tube, with the tubular
member being formed from a polyimide material.

Such closure preventing means thus provide a bend-
ing relief design between the relatively stiff metallic
tube and more flexible distal region of the balloon dila-
tation catheter, to prevent kinking during catheter prep-
aration work and handling (prior to insertion of the
dilatation catheter into the guide catheter and patient).
Such kinking or “crimping™ of the catheter can result in
a binding on the guide wire as it extends through the
guide wire lumen or a reduction in size of the annular
inflation lumen between the metallic tube and balloon
of a compromise in strength of the catheter tubings, all
of which will compromise the utility and responsiveness
of the dilatation catheter. In addition, the closure pre-
venting means reduces the possibility of a failure or
separation of the bonds adjacent the distal end of the
metallic tube which may be caused by excess strain
placed on such bonds during catheter preparation or
handling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a balloon dilata-
tion catheter of the present invention having a distal
guide wire lumen therethrough and showing a guide
wire.

FIG. 2 is a sectional side elevational view of the
balloon dilatation catheter of FIG. 1.
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FIG. 3 is an enlarged sectional view as taken along
lines 3—3 in FIG. 2.

FIG. 4 is a sectional side elevational view of a portion
of the catheter of the present invention, illustrating an
alterpative structure for a reinforcing coil member
thereon.

FIG. 5 is a sectional side elevational view of a portion
of the catheter of the present invention, illustrating an
alternative structure for a reinforcing coil member
thereon.

FIG. 6 is an enlarged seciional view as taken along
lines 6—6 in FIG. 5.

FIG. 7 is a sectional view of a portion of an slterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 8 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 9 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 10 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 11 is a sectional view of a portion of an alterna-
tive embodiment of the catheter of the present inven-
tion.

FIG. 12 is a sectional view of a portion of an alterna-
. tive embodiment of the catheter of the present inven-
tion.

FIG. 13 is a sectional view of a portion of an alterna-
tive ernbodiment of the catheter of the present inven-
tion.

Although the above-identified drawing figures set
forth various embodiments of the invention, other em-
bodiments of the invention are also contemplated, as
noted in the discussion. In all cases, this disclosure pres-
ents illustrated embodiments of the present invention by
way of representation and not limitation. It should be
understood that numerous other modifications and em-
bodiments can be devised by those skilled in the art
which will fall within the scope and spirit of the princi-
ples of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Overall Catheter Structure

A balloon dilatation catheter 20 of the present inven-
tion is illustrated generally in FIG. 1. The catheter 20
has a proximal main shaft section 22, an intermediate
sleeve section 24 and a distal balloon section 26. The
main shaft section 22 has a proximal end 28 and a distal
end 30. Likewise, the intermediate sleeve section 24 has
a proximal end 32 and a distal end 34. The distal balloon
section 26 has a proximal waist 36, an intermediate
expandable segment 38 and a distal waist 40.

As illustrated in FIG. 1, the distal end 30 of the main
shaft section 22 is connected to the proximal end 32 of
the sleeve section 24, and the distal end 34 of the sleeve
section 24 is connected to the proximal waist 36 of the
balloon section 26. In use, the catheter 20 is coupled to
an inflation device (not shown) by a luer manifold 42
connected to the proximal end 28 of the main shaft
section 22. The inflation device thus provides or re-
moves inflation solution from the catheter 20 to select-
ably inflate or deflate the intermediate expandable seg-
ment 38 of the distal balloon section 26 (in FIG. 1,
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6
expandable segment 38 is shown in its inflated configu-
ration).

The catheter 20 of the present invention is designed
for use in combination with a catheter guide element
such as a guide wire 50. In use in a coronary application,
both the guide wire 50 and the catheter 20 are fed
through and guided to an arterial lesion by means of a
tubular guide catheter (not shown). Both the catheter
20 and guide wire 50 are therefore longer than the guide
catheter, with a typical catheter length of approxi-
mately 135 cm and a typical guide wire length of ap-
proximately 175 cm. As illustrated in FIG. 1, the guide
wire 50 extends longitudinally along the exterior of the
main shaft section 22 of the catheter 20. Adjacent the
distal end 30 of the main shaft section 22, the guide wire
50 enters the structure of the catheter 20 and extends
distally therethrough until it exits the catheter structure
adjacent the distal waist 40 of the distal balloon segment
26. As seen FIG. 2, a separate guide wire lumen 52 is
provided in the catheter 20 through the intermediate
sleeve section 24 and distal balloon section 26 thereof.
The guide wire 50 thus is only entrained within the
catheter 20 within this guide wire lumen 52, which is
much shorter than the total length of the catheter 20
(e.g., the gnide wire lumen 52 is approximately 30 cm
long). The guide wire 50 has a proximal end 33 and a
distal end 54 and is of a typical structure for guiding
angioplasty catheters. At its distal end 54, the guide
wire 50 preferably has a coiled and rounded tip struc-
ture which is bendable for steerability of the guide wire.

Referring now to FIG. 2, which shows the catheter
20 in greater detail, it is seen that the proximal end 28 of
the main shaft section 22 further has a strain relief tube
60 disposed between the luer manifold 42 and shaft
section 22. The strain relief tube 60 is larger than the
main shaft section 22, and thus provides a step-wise
strain relief function between the inflexible luer mani-
fold 42 and the more flexible main shaft section 22. The
main shaft section 22, tubular member 60 and luer mani-
fold 42 are secured together respectively by suitable
adhesive means, such as epoxy or cyanoacrylate.

Main Shaft Section

The main shaft section 22 is preferably formed as a
thin-walled, high strength stainless steel tube structure,
which is referred to as hypodermic tubing or hypotube.
As a tubular structure the main shaft section 22 thus has
2 longitudinally extending inflation lumen 62 extending
therethrough from its proximal end 28 to its distal end
30, which provides a means for the movement and pres-
surization of inflation fluid through the catheter 20 to
and from the distal balloon section 26.

In a preferred embodiment, the main shaft section 22
is formed from two stainless steel tube sections, a proxi-
mal relatively long shaft section 64 and a distal rela-
tively short shaft section 66. A distal end of the proxi-
mal shaft section 64 and a proximal end of the distal
shaft section 66 are sealably affixed together by suitable
means, such as by a solder joint. The proximal end of
the distal shaft section 66 fits coaxially over the distal
end of the proximal shaft section 64, as seen in FIG. 2,
thereby allowing the proximal shaft section 64 to as-
sume a smaller outer diameter than the distal shaft sec-
tion 66. The main shaft section 22 is provided with a
lubricous coating (such as polytetraflouroethylene) to
lessen frictional resistance (at least to the extent that the
proximal shaft section 64 is so coated). The use of a
thin-walled (e.g., 0.003 inch wall thickness), metallic
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tube structure for the main shaft section 22 thus pro-
vides a stiff enough shaft for pushability yet allows for
a relatively small diameter shaft, thereby enhancing
catheter visualization via fluoroscopy and catheter ver-
satility. The inherent high strength nature of such a
structure also allows it to withstand the flnid pressures
necessary for proper catheter operation, which in a
plastic shaft structure would require thicker walls. The
high column strength and thickness of a hypotube shaft
also gives improved responsiveness to the catheter.
Thus, the balloon and distal regions of the catheter
move definitively (in a 1:1 relationship) with motions
imparted at the catheter’s proximal end by a physician.
This feature allows the physician to actually “sense” the
pathway as the catheter is tracked, which gives valu-
able information in the passage of the catheter to and
through the lesion.

In the distal shaft section 66 of the main shaft section
22, a longitudinal crimp 68 is provided which extends
lateralty inwardly from one side of the distal section 66.
The distal shaft section 66 has three sections, a proximal
tubular region 70, a transition region 72, and a distal
bonding region 74. The crimp 68 extends from its proxi-
mal origin in the transition region 72 to its greatest
lateral depth in the bonding region 74. The crimp 68, as
further illustrated in FIG. 3, does not seal off or close
the inflation lumen 62, but does transform the inflation
lumen from a circular lumen 62 to a crescent shape
through the bonding region 74, as seen at 63 in FIG. 3.

As shown in FIG. 2, the tube forming distal section
66 can have a thinner wall than the tube forming proxi-
mal shaft section 64. Additionally, as crimp 68 pro-
gresses distally through distal section 66, the latitudinal
cross section of section 66 can become generally pro-
gressively more compact as shown in FIGS. 2 and 3.

Catheter Intermediate Sleeve Section

The intermediate sleeve section 24 extends distally
from the main shaft section 22, and is bonded thereto
adjacent the bonding region 74 of the distal shaft section
66. The intermediate sleeve section 24 has two primary
longitudinal components, an inner core tube 80 and an
outer sleeve or tube 82. The inner core tube 80 has a
proximal segment 84 within the sleeve section 24 and a
distal segment 86 within the distal balloon section 26.
The inner core tube 80 and outer sleeve 82 are both
preferably formed from thin-walled high density poly-
ethylene.

The inner core tube 80 has a proximal end 88 and a
distal end 99. At its proximal end 88, the core tube 80 is
nested within the bonding region 74 of the distal shaft
section 66 and bonded thereto by suitable means, such
as epoxy or cyanoacrylate. The core tube 80 is thus
affixed to the main shaft section 22 in an “off-axis”
alignment at the bonding region 74. However, as seen in
FIG. 2, as the core tube 80 extends distally from the
main shaft section 22, it is aligned generally coaxially
with the shaft section 22,

The core tube 80 defines the guide wire lumen 52
extending through the catheter 20. The guide wire
lumen thus has a proximal outlet 92 adjacent the proxi-
mal end of the core tube 80 and a distal outlet 94 adja-
cent the distal end 90 of the core tube 80. At least one
marker band 96 is provided about the core tube 80 (pref-
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The outer sleeve 82 is generally tubular in form, and
has a proximal end 100 and a distal end 102. The outer
sleeve 82 is bonded about the distal shaft section 66 and
the core tube 80 adjacent the bonding region 74, as seen
it FIGS. 2 and 3 and is held in place thereto by suitable
means, such as epoxy or cyanoacrylate. The outer
sleeve 82 extends distally from the main shaft section 22
over the proximal segment 84 of the core tube 80, and as
such, defines a distal continuation of the inflation lumen
of the catheter 20. A longitudinally extending annular
inflation lumen 104 is formed between the core tube 80
and outer sleeve 82. Of course, the proximal end 100 of
the outer sleeve 82 is securely sealed about the distal
shaft section 66 and the core tube 80 so that the longitu-
dinal inflation lumens 62 and 104 through the catheter
20 are not compromised to the exterior of catheter 20,
but are in fluid communication therethrough.

The intermediate sleeve structure defined above is
the basic sleeve structure for all embodiments of the
present invention contemplated and disclosed herein—-
namely, an inner core tube bonded to a distal portion of
the main catheter shaft, with an outer sleeve forming an
annular continvation of the inflation lumen through the
main shaft between the core tube and outer sleeve. As
discussed below and illustrated herein, various configu-
rations of the connections and components relative to
the formation of the distal guide wire lumen, including
the coupling of the main shaft to the intermediate sleeve
section, are contemplated.

Catheter Distal Balloon Section

The distal balloon section 26 is connected to the com-
ponents of the intermediate sleeve section 24. The prox-
imal waist 36 of the balloon section 26 is connected to
the distal end 102 of the outer sleeve 82 by suitable
means, such as by epoxy or cyanoacrylate. The distal
waist 40 of the balloon section 26 is bonded to the core
tube 80 adjacent its distal end 90 by suitable means, such
as by epoxy or cyanoacrylate, An interior 106 of the
balloon section 26 is thus sealed and in fluid communi-
cation with the annular inflation lumen 104 within the
sleeve section 24. In a preferred embodiment, the bal-
loon section 26 is formed from a compliant balloon
material (e.g., polyolefin), although a balloon formed
from thin-walled non-compliant material (e.g., PET-
polyethylene terephthalate) is also contemplated.

Kink-resistant Structure

The metallic main shaft section 22 is relatively stiff
compared to the polyethylene intermediate sleeve sec-
tion 24. This creates a rather abrupt change in the flexi-
bility of the materials for the catheter 20 adjacent the
distal end 30 of the main shaft section 22 (at the bonding
region 74). The use of a hypotube for the main shaft
section 22 in the catheter 20 creates a catheter which is
considerably stiffer than most previous over-the-wire
angioplasty balloon catheter designs. Such stiffness is
not a concern as long as the metallic main shaft section
22 remains in the relatively straight guide catheter
within the patient, and indeed such stiffness provides
distinct benefits in use of the catheter 20, as described
above. In the distal portions of the catheter 20 (interme-
diate sleeve section 24 and distal balloon section 26), the
catheter 20 must be very trackable and flexible in order
to negotiate the tortuous coromary smatomy to and
across the lesion. The relatively sharp transition in stiff-
ness as the catheter structure changes from the metallic
main shaft section 22 to the much more flexible polymer
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intermediate sleeve section 24 creates two concerns.
First, during handling of the catheter prior to usage,
there is a potential to kink the catheter structure at that
flexibility transition point. Secondly, when the catheter
is in vivo, the distal end 30 of the main shaft section 22 5
could potentially “dig in” to the guide catheter and
create excessive friction due to the lack of bending
support from the more flexible intermediate sleeve sec-
tion 24.

To address these concerns, a kink-resistent structure 10
110 is provided to prevent kinking and possible damage
to the intermediate sleeve section 24 during catheter
preparation, handling and use. In its simplest form, this
kink-resistent structure 110 provides a member of inter-
mediate stiffness or transitory stiffness and kink-resist- 15
ant nature between the relatively stiff main shaft section
22 and the relatively flexible intermediate sleeve section
24, The kink-resistent structure 110 includes a coil mem-
ber 112 affixed to the intermediate sleeve section 24
adjacent the distal end 30 of the main shaft section 22. 20
The coil member 112 creates an intermediate stiffener
element between the relatively stiff main shaft section
22 and the relatively flexible intermediate sleeve section
24 to zllow bending of the catheter without kinking.
The coil member 112 preferably has its coils spaced 23
uniformly apart, and is preferably formed from a spiral
ribbon of stainless steel placed about the outer sleeve 82
along that portion thereof extending over the bonding
region 74 and distally therefrom. The coil member 112
is secured to the outer sleeve 82 by svitable adhesive 30
means, such as by epoxy. To further secure the coil
member 112 to the intermediate sleeve section 24, a
heat-gshrinkable sheath 114 is fitted over the coil mem-
ber 112, Preferably the sheath 114 is formed from a
polyimide or polyolefin material which is expanded 35
radially outwardly and then shrunk down over the coil
member 112 and outer sleeve 82 {o secure the coil mem-
ber 112 thereto. To further secure the sheath 114 and
coil member 112 in place, some adhesive is provided
between the sheath 114 and the intermediate sleeve 40
section 24. By covering the ends of the coil member
112, the sheath 114 also lessens the chances of those
ends providing a rough edge or catch as the catheter 20
is advanced through the guide catheter or artery.

Although the kink-resistant structure is described and 45
illustrated in connection with a balloon dilatation cathe-
ter, it is contemplated that such a structure be employed
in any catheter shaft as a transition from a first thin-
walled, high strength metallic tube structure to a second
tube structure which is more flexible than the metallic 50
tube structure. Such a kink-resistant structure, as de-
scribed above (and also below in various embodiments),
may be employed in a single lumen catheter shaft, or in
multiple lumen catheter shaft having a central core tube
such as the multi-lumen shaft illustrated by the interme- 55
diate sleeve section of the catheter disclosed in FIGS.
1-4.

Alternative Catheter Embodiment

Numerous alternative embodiments of the catheter of 60
the present invention are contemplated. For example,
several alternative arrangements for the main shaft sec-
tion and intermediate sleeve structure portion of the
catheter are illustrated and discussed herein, but it is not
intended that the illustrated embodiments are all inclu- 65
sive of those structures and designs which are included
within the spirit and scope of the present invention. In
the following discussion of further alternative embodi-

10
ments of the present invention, to the extent a compo-
nent is identical to that of a previously described em-
bodiment, like reference numerals are used.

FIG. 4 illustrates an alternative embodiment for the
distal portion of a catheter according to the present
invention. Specifically, the outer sleeve (of the interme-
diate sleeve section) and the distal balloon section are
formed from the same component, as a unitary member.
Thus, proximal waist 36A of distal balloon section 26A.
is elongated proximally and acts as the outer sleeve for
intermediate sleeve section 24A. A proximal end 115 of
the proximal waist 36A is sealably fixed about the core
tube 80 and main shaft section 22 adjacent the bonding
region 74 thereof. It should be understood that the pros-
pect of having a unitary outer sleeve and balloon mem-
ber is applicable to all embodiments disclosed herein
and contemplated, although it is only illustrated and
discussed with respect to the catheter structure of FIG.
4.

FIG. 4 also shows another variation for the catheter’s
structure illustrated in FIGS. 1-3. In FIG. 4, Kink-resist-
ant structure 110A includes coil member 112A which is
defined as a spiral ribbon of stainless steel placed about
a proximal portion of the proximal waist 36A along the
bonding region 74 and distally therefrom. The coil
member 112A does not have its coils uniformly spaced
apart, but rather has its coils spaced increasingly further
apart as the coil member extends distally from the main
shaft section 22. This results in a coil member 112A
which becomes increasingly more flexible, thereby
“feathering out” the change in relative stiffness and
strain or kink relief between the relatively inflexible
main shaft section 22 and the relatively flexible interme-
diate sleeve section 24A. As before, a heat-shrinkable
sheath 114A is fitted over the coil member 112A to
further secure the coil member 112A to the sleeve sec-
tion 24A.

In FIG. 5, a modified main shaft section 22B is illus-
trated. The main shaft section 22B is formed as a thin-
walled, high strength stainless steel tube or hypotube,
but is defined as a single tubular shaft 117 from its proxi-
mal end to its distal end 30B. The single shaft 117 has a
longitudinally extending inflation lumen 62B there-
through, and at its proximal end (not shown) the single
shaft 117 is mounted to an inflation device in a manner
such as that illustrated for the catheter of FIG. 2. Adja-
cent its distal end 30B, the single shaft 117 has a longitu-
dinal crimp 68B which extends laterally inwardly from
one side of the single shaft 117. The single shaft 117 thus
has three sections, a proximal, relatively elongated tu-
bular region 70B, a relatively short distal transition
region 72B and a relatively short distal bonding region
74B. The crimp 68B extends from its proximal origin in
the transition region 72B to its greatest lateral depth in
the bonding region 74B. The crimp 68B does not seal or
close off the inflation lumen 62B, but rather transforms
the inflation lumen 62B from a circular lumen to a half-
moon lumen through the bonding region 74B, as seen at
63B in FIG. 6. It is again understood that the use of a
single tube to define the main shaft section of the cathe-
ter of the present invention is applicable to the other
alternative embodiments of the catheter structures dis-
closed herein.

FIGS. 5 and 6 also illustrate an alternative arrange-
ment for the kink-resistant structure of the inventive
catheter. Kink-resistant structure 210 includes coil
member 212. The sleeve section 24B includes an outer
sleeve 82B and an inner core tube 80B, with the core
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tube 80B adapted to be nested within and bonded to the
main shaft section 22B in its distal bonding region 74B.
The coil member 212 of the kink-resistant structure 210
is positioned about the core tube 80B within the distal
bonding region 74B and extending distally therefrom.
The coil member 212 is preferably formed from stainless
steel (either from a wire or ribbon) and may have uni-
form coil spacing or increasingly spaced coils as the coil
member 212 extends distally from the main shaft section
22B. The coil member 212 is secured to the core tube
80B by suitable means, such as by embedding the coil
member 212 in an epoxy layer 214 about the core tube
80B. A proximal end 100B of the outer sleeve 82B is
bonded about the main shaft section 22B and inner tube
80B and coil structure 210 in the bonding region 74B
thereof, as seen in FIGS. 5 and 6. In the intermediate
sleeve section 24B, the inner core tube 80B thus pro-
vides a guide wire lumen 52B therethrough, and an
annular inflation lumen 104B is provided between the
inner tube 80B'and outer sleeve 82B. Although the
kink-resistant structure 210 is within the annular infla-
tion lumen 104 and the outer sleeve $2B mecks down
distally from the main shaft section 22B, the size of the
annular inflating lumen 104 is sufficient to provide
proper fluid flow to and from the catheter’s balloon.

FIGS. 7-13 illustrate an aliernative configuration for
that portion of the catheter adjacent the proximal inlet
of the guide wire lumen. Instead of providing a crimp
structure in the distal end of the main shaft section, an
‘aperture is provided adjacent to and proximal of the
distal end of the main shaft sectior. The aperture is
aligned and sealably coupled to the inner tube to define
the guide wire lumen proximal outlet. In all disclosed
embodiments, the main shaft section is preferably
formed from a hypotube-like material.

As seen in FIG. 7, an alternative embodiment of the
catheter of the present mvention has a proximal main
shaft section 22C formed from thin-walled, high
strength stainless steel tubing. A longitudinally extend-
ing inflation lumen 62C extends theretbrough from a
proximal end of the main shaft section 22C to its distal
end 30C. In the embodiment seen in FIG. 7, the main
shaft 22C is formed from two stainless stee] tube sec-
tions, a proximal relatively long shaft section 64C and a
distal relatively short shaft section 66C bonded on the
distal end of the proximal section 64C. This two-part
main shaft section structure thus allows a substantial
length of the main shaft section 22C to be formed from
the proximal shaft section 64C which has a smaller
diameter than the distal shaft section 66C.

‘The distal shaft section 66C has an oval-shaped aper-
ture 119 extending through its wall, with the oval being
elongated in the longitudinal direction of the main shaft
section 22C. The aperture 119 is spaced proximally
from a distal end of the distal shaft section 66C (the
distal end 30C of the main shaft section 22C). The space
between the aperture 119 and distal end 30C thus de-
fines in part a bonding region 121 for connecting the
main shaft section 22C to a distally extending intermedi-
ate sleeve section 24C.

As before, the intermediate sleeve section 24C in-
cludes an inner core tube 80C and an outer sleeve 82C.
A proximal end 88C of the core tube 80C is sealably
bonded about the aperture 119 to align the proximal end
88C and aperture 119 and thereby define a proximal
outlet 92C for a guide wire lumen 52C extending
through the core tube 80C. As seen in FIG. 7, a proxi-
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from the aperture 119 into the distal shaft section 66C
and turns longitudinally and distally relative thereto to
be aligned generally coaxially therewith., As such, the
inflation lumen 62C is continued distally past the aper-
ture 119 as a generally annular. inflation lumen 125,
between the core tube 80C and distal shaft section 66C
(along the bonding region 121). Proximal end 100C of
the outer sleeve 82C is bonded about the distal shaft
section 66C in the bonding region 121 by a suitable
means, such as by epoxy or cyanoacrylate. As seen in
FIG. 7, the outer sleeve 82C extends distally from the
main shaft section 22C over the core tube 80C and
defines a longitudinally extending annular inflation
lumen 104C between the core tube 80C and outer sleeve
82C. The proximal end 100C of the outer sleeve 82C is
sealed about the distal shaft section 66C so that the
longitudinal inflation lumens 62C, 125 and 104C are not
compromised to the exterior of the catheter, but are in
flnid commupication therethrough.

In FIG. 7, kink-resistant structure 310 includes coil
member 312 (of a wire or ribbon-like structure) which is
bonded about the outer sleeve 82C to extend distally
from the distal end 30C of the main shaft section 22C. In
this embodiment, the coil member 312 does not extend
about any portion of the main shaft 22C. The coil mem-
ber 312 is secured to the outer sleeve 82C by suitable
adhesive means, such as epoxy 314, and is embedded
therein to firmly hold the coil member 312 in place
about the intermediate sleeve section 24C. In the em-
bodiment of FIG. 7, the coil member 312 is illustrated
with its coils being spaced increasingly longitudinally
apart as the coil member 312 extends distally along the
catheter.

FIGS. 8-13 also illustrate embodiments of the cathe-
ter of the present invention wherein an aperture is pro-
vided through the main shaft section wall to accommo-
date the proximal outlet for the relatively short, distal
guide wire lumen. As opposed to the embodiment of
FIG. 7, however, the embodiments illustrated in FIGS.
8-13 show the main shaft section as a single shaft rather
than as a multi-part shaft. Indeed, FIG. 8 illustrates a
catheter structure identical to that of FIG. 7, except
that the main shaft section 22D is shown as 2 single shaft
217, rather than having proximal and distal shaft sec-
tions 64C and 66C as seen in FIG. 7. As such, the cathe-
ter inflation lumen includes longitudinally extending
inflation lumens 62D, 125D and 104D.

FIG. 9 is an embodiment of the catheter of the pres-
ent invention otherwise similar to FIG. 8, except that
kink-resistant structure 410 has coil member 412 with
uniformly spaced coils along the entire length. Again,
the entire coil member 412 is fixed to the outer sleeve
82C of the intermediate sleeve section 24C by embed-
ding the coil member 412 within a suitable material such
as epoxy or cyanoacrylate 414.

In the catheter structure of FIG. 10, intermediate
section 24E has an inner core tube 80E and an outer
sleeve 82E. The structure of the catheter is otherwise
the same as the catheter of FIG. 9, except that the kink-
resistant structure thereof is positioned inside the outer
sleeve 82F rather than outside of the outer sleeve. Kink-
resistant structure 510 is affixed to an inner surface of
the outer sleeve 82E distally of the main shaft section
22D by 2 suitable means, such as embedded adhesive
514, The kink-resistant 510 includes coil member 512
which provides an intermediate stiffener between the
relatively stiff main shaft section 22D and the relatively
flexible intermediate sleeve section 24E. As seen, the
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outer sleeve 82E necks down distally from the kink-
resistant structure 510 to provide a lower profile for the
catheter in its distal regions. An annular inflation lumen
104E formed between the inner tube 80E and outer
sleeve 82E (and at 2 proximal end thereof, between the
inner tube 80E and the kink-resistant structure 510) is
not compromised by such a necked-down sleeve design
but maintained at sufficient size to provide for adequate
and quick inflation and deflation of the balloon.

In FIG. 11 intermediate sleeve section 24F includes
an inner core tube 80F and an outer sleeve 82F. Kink-
resistant structure 610 is mounted about the inner tube
80F along the bonding region 121 and extending distally
from the main shaft section 22D into the intermediate
sleeve section 24F. The kink-resistant structure includes
coil member 612 which is affixed about the core tube
80F by suitable means such as being embedded in epoxy
or another suitable adhesive 614. As seen in FIG. 11, the
outer sleeve 82F has an enlarged diameter at its proxi-
mal end to accommodate the main shaft section 22D
and the kink-resistant structure 610, and so that the
annular inflation lumens 125F and 104F about the core
tube 80F remain sufficiently large to provide proper
inflation and deflation pressures to the balloon of the
catheter.

FIGS. 12 and 13 illustrate a forther vadation of the
kink-resistant structure of the present invention. In the
embodiments of FIGS. 12 and 13, the kink-resistant
structure does not include a coil member, is formed
from a polymer tube which is of intermediate stiffness
between the main shaft section and intermediate sleeve
section. In FIG. 12, kink-resistant structure 710 is pro-
vided which is formed from a polyimide or other stiff
polymer tube 727. The tube 727 is bonded about an
inner core tube 80G of the intermediate sleeve section
24(3 by a suitable adhesive, such as epoxy or cyanoacry-
late. The tube 727 extends through a distal portion of
the bonding region 121 and distally beyond the main
shaft section 22D into the intermediate sleeve section
24G. Again, an outer sleeve 82G of the sleeve section
24G has an enlarged diameter at its proximal end fo
accommodate the main shaft section 22 and the kink-
resistant structure 710, and so that the components are
dimensioned such that apnular inflation lumens 125G
and 104 are not compromised.

In FIG. 13, kink-resistant structure 810 is illustrated,
as formed from a polyimide or other stiff polymer tube
829 which is bonded to the inner surfaces of both the
main shaft section 22D and an outer sleeve 82H of an
intermediate sleeve section 24H at a bonding region
121H. The tube 829 thus provides not only a kink-resist-
ant structure to accommodate the change in stiffness of
the main shaft section and intermediate sleeve section,
but also provides a substrate for bonding the two cathe-
ter sections together by a suitable adhesive, such as
epoxy or cyanoacrylate. A core tube 80H of the sleeve
section 24H extends through the interior of the tube 829
to the aperture 119 on the main shaft section 22D. Thus,
an annular longitudinally extending inflation lumen 131
is formed as a “bridge lumen” (between the core tube
80H and tube 829) from the inflation lumen 62D to an
annular inflation Jumen 104H within the sleeve section
24H.

As mentioned above, various combinations of these
alternative component and catheter structures are con-
templated and are intended to be considered, aithough
not explicitly shown. For example, it is contemplated
that a two-part main shaft section structure (such as
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fllustrated in FIGS. 2, 4 and 7) may be combined with
any one of the kink-resistant structure such as that illus-
trated in FIGS. 8-13. By way of example and not limita-
tion, a further example of such a combination may in-
clude the use of a distal balloon section having an elon-
gated proximal waist (such as shown in FIG. 4) with
any of the alternative kink-resistant structures disclosed
herein.

Conclusion

The balloon dilatation catheter of the present inven-
tion is an over-the-wire catheter structure with a distal
guide wire lumen which optimizes the features of such
a catheter in a way not previously considered or
achieved. The use of a hypotube-type main shaft for the
catheter allows the attainment of a high strength, pusha-
ble shaft having thin walls and small diameter. The
further use of a two-part hypotnbe shaft structure al-
lows an even smaller diameter for the proximal elon-
gated section of the main catheter shaft. Employing a
crimp as a means for aligning and creating a proximal
outlet for the relatively short guide wire lumen aiso
serves to provide a transition region for exit of the guide
wire from the catheter itself which is relatively gradual.
The crimped shaft design also provides additional stiff-
ness in the transition region where the guide wire enters
and exits the catheter proximally of the balioon thereof,
thereby creating a more rigorous catheter structure.
Because the catheter of the present invention is based
upon a relatively stiff proximal main shaft section, and
such a catheter must have a relatively flexible distal
portion for working through the tortuous arterial anat-
omy, a strain relief or kink-resistant structure is pro-
vided to make a more gradual transition between the
relatively stiff main catheter shaft and the relatively
flexible distal portion of the catheter. Various configu-
rations of strain relief and kink-resistant structures are
disclosed herein, and all are believed suitable to accom-
plish the desired end of preventing significant closure of
the guide wire lumen and anpular inflation lumen in the
more flexible distal portions of the catheter, especially
adjacent the distal end of the main catheter shaft.

Although the present invention has been described
with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

What is claimed is:

1. In an elongate dilatation catheter of the type that
can be slidably moved along a guide wire that can ex-
tend past a distal end of the catheter, wherein the guide
wire is received in a guide wire lumen of the catheter,
the guide wire extending from a distal guide wire lumen
opening 10 a proximal guide wire lumen opening dis-
posed in a portion of the catheter that is spaced distally
from a proximal end of the catheter, the dilatation cath-
eter including an inflatable balloon and an inflation
lumen extending through the catheter separate from the
guide wire lumen, an improvement comprising:

a tube formed from a relatively stiff material compo-

sition, the tube defining a first shaft section having
a proximal end and a distal end,;

a second shaft section disposed distally of the first
shaft section, the second shaft section being rela-
tively more flexible than the first shaft section and
having the guide wire lumen extending through a
portion thereof; and
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a transition section generally disposed between the
first shaft section and the second shaft section, the
transition section including a portion which is of
diminished dimension relative to the tube such that
at least the portion of the transition section is more
flexible than the first shaft section, less flexible than
the second shaft section, and extends at least in part
across the proximal guide wire lumen opening.

2. The improved catheter of claim 1 wherein the tube

is formed from a metallic material.

3. The improved catheter of claim 1 wherein the
proximal guide wire lumen opening is disposed adjacent
the proximal end of the second shaft section.

4. The improved catheter of claim 1 wherein the
proximal guide wire lamen opening is disposed adjacent
the distal end of the first shaft section.

5. In an elongate dilatation catheter which has an
inflatable balloon and an inflation lumen extending
through the catheter, wherein the catheter is of the type
that can be slidably moved along a guide wire which
can extend past a distal end of the catheter through a
guide wire lumen of the catheter, wherein the guide
wire lumen is separate from the inflation lumen and
extends from a distal guide wire lumen opening to a
proximal guide wire lumen opening disposed in 2 por-
tion of the catheter that is spaced distally from a proxi-
mal end of the catheter so that the guide wire lumen is
shorter than the inflation lumen, an improvement com-
prising:

a first proximal shaft section of the catheter defined

by a tubing of relatively rigid material;

a second shaft section disposed distally of the first
shaft section, the second shaft section being rela-
tively more flexible than the first shaft section; and

a tramsition section generally disposed between the
first shaft section and the second shaft section and
extending adjacent to the proxirnal guide wire
lumen opening, the transition section having de-
creased rigidity intermediate the first and second
shaft sections, to provide a stepped transition in
flexibility between the first shaft section and the
second shaft section, the transition section having a
distal terminal end spaced proximally from the
balloon. .

6. The improved catheter of claim 5 in which the

tubing is formed from a metallic material.

7. The improved catheter of claim 5 in which the
transition section extends at least in part around the
inflation lumen.

8. The improved catheter of claim 5 in which the
proximal guide wire lumen opening is disposed adjacent
the proximal end of the second shaft section.
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9. The improved catheter of claim 5 in which the
proximal guide wire lumen opening is disposed adjacent
the distal end of the first shaft section.

10, In an elongate dilatation catheter of the type that
has a relatively long proximal shaft section, a second
shorter distal shaft section disposed distally of the first
shaft section, an inflatable balloon attached to the distal
end of the second shaft section wherein the first and
second shaft sections have an inflation lumen defined
therethrough so that the balloon is in fluid communica-
tion with the inflation lumen, and wherein the catheter
is of the type that can be slidably moved along a guide
wire which can extend through a guide wire lumen of
the catheter, the guide wire lumen being separate from
the inflation lumen and extending from a distal guide
wire lumen opening at the distal end of the catheter to
a proximal guide wire lumen opening adjacent the prox-
imal end of the second shaft section so that the guide
wire lumen is shorter than the inflation lumen, an im-
provement comprising:

the first proximal shaft section of the catheter defined

by a tubing of relatively rigid material;

the second shaft section of the catheter being rela-

tively more flexible than the first shaft section and
having a relatively short reinforced proximal por-
tion and a relatively long nonreinforced distal por-
tion; and

the reinforced proximal portion including a transition

member disposed adjacent to the proximal guide
wire lumen opening and extending distally along
the second shaft section to provide a reinforcement
therefor, the transition member including a metal-
lic element having a uniform reduced dimension
relative to the fubing as it extends distally along the
catheter to provide a stepped transition in rigidity
in the distal direction, the transition member hav-
ing a distal terminal end spaced from the balloon by
the length of the nonreinforced distal portion of the
second shaft section.

11. The improved catheter of claim 10 in which the
tubing is formed from a metallic member.

12. The improved catheter of claim 10 in which the
transition member extends at least in part distally of the
proximal gnide wire lumnen opening.

13. The improved catheter of claim 10 in which the
transition member extends at least in part around the
inflation Tumen.

14. The improved catheter of claim 10 in which the
transition member comprises a coil.

15. The improved catheter of claim 10 in which the
proximal guide wire lumen opening is disposed adjacent
the distal end of the first shaft section.

* *x * ¥ &
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