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(57) Abstract

A medical guidewire (10) has an elongated body, a relatively more flexible distal tip region and a core (12) having a body
(32) of first diameter, a distal portion (34) of relatively smaller diameter, and a generally flat distal end (38) disposed in the tip
region and spaced proximally from a tip element (22) defining the guidewire distal end. The core distal portion is formed of niti-
nol. A first coil (14) has its proximal end joined to the core body by a coupling (37) and extends along the core to a termination
point in the tip region, proximal of the core end. A relatively more flexible second coil (18) has a proximal end joined to the first
coil and a distal end jointed to the tip element. Safety and transition wires (24, 26) are secured to the core and have generally flat
distal ends (28, 30) within the second coil, the safety wire joined distally to the tip element and the transition wire terminating
within the second coil intermediate of the distal ends of the core and safety wire.
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MEDICAL GUIDEWIRE
Béckground of the Invention

The invention relates to medical guidewires, e.g.,
for navigation of narrow passages of a body. A physician
introduces the distal end of the guidewire into the body,
e.g., via a puncture opening, and, observing the progress
of the quidewire via radioscope, attempts to manipulate
the flexible tip of the guidewire, e.g., by rotation of
the proximal end of the guidewire outside the body, to
enter desired passageways and follow their convolutions
to a treatment site. A catheter or other medical device
may then be advanced over the guidewire to the site.

Summary of the Invention

According to the invention, a medical guidewire
has an elongated body that has a first flexibility and a
distal tip region of a second relatively greater
flexibility. The gquidewire includes a core having a body
portion of a first diameter, a distal portion terminating
in a relatively smaller diameter, and a generally flat or
rounded distal end portion. The end portion is disposed
in the tip region and spaced proximally from a round tip
element that defines the distal end of the guidewire, the
distal portion being formed of nitinol. A first coil is
joined to the body portion of the core at its proximal
end by coupling means and extends along the core to a
termination point in the distal tip region, proximal of
the end portion of the core. A relatively more flexible
second coil has a proximal end joined to the first coil
and a distal end joined to the round tip element. A
safety wire is secured to the core, the safety wire
having a generally flat distal end portion within the
second coil, joined to the round tip element, a
transition wire is also secured to the core, the
transition wire having a generally flat distal end
portion disposed to terminate within the second coil
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intermediate of the distal end portions of the core and
of the safety wire. The safety wire and the transition
wire are secured to the coupling means.

'Preferred embodiments of this aspect of the
invention have one or more of the following features.
The generally flat distal end portions of the core,
safety wire and transition wire are of predetermined
axial extent, and the generally flat distal end portion
of the transition wire is disposed to span a gap between
the proximal end of the safety wire end portion and the
distal end of the core end portion. At least one of the
safety wire and the transition wire is a flat ribbon
wire; At least one of the safety wire, the transition
wire, the second coil and the round tip element are of
radiopaque material, e.g., comprising platinum. The
first coil in a first region preceding the second coil
has a first outer diameter and in a second region distal
to the first region the first coil has a second,
relativély smaller outer diameter, and the second coil,
in a proximal region adjacent the first coil, has an
outer diameter sﬁbstantially equal to the first outer
diameter of the first coil and an inner diameter
substantially equal to the second outer diameter of the
first coil, and the proximal region of the second coil is
disposed about the second,rsmaller diameter region of the

_ fi;st coil. Prefefably the diameter of the first coil in

the first region is substantially uniform, and the
diameter of the first coil in the second region is
substantially uniform, and the first region lies
immediately adjacent the second region. Also, the
relatively smaller second diameter of the second region
of the first coil is formed by removal of coil wire
material from the exterior of the coil, preferably by
grinding. The;first coil and the second coil are joined
in the,proximai region of the second coil. Adjacént
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windings of the first coil in the region proximal of
joining to the second coil are relatively more spaced
than adjacent windings of other, more proximal regions of
the first coil. The first coil terminates distal of the
proximal end of the core and the guidewire further
comprises a sleeve of polymeric material, preferably
polytetrafluorethylene (PTFE) or polyethylene, disposed
about the core. The sleeve terminates distally adjacent
to a crimp ring or coupling or the proximal end of the
first coil and the outer diameter of the first coil near
the sleeve termination point is equal to or greater than
the outer diameter of the adjacent sleeve.

In a second aspect, the invention features a
medical guidewire comprising a core and a coil wire, the
core having a proximal portion formed of stainless steel,
and a distal portion formed of nitinol, the coil wire
extending over a minor portion of the length of the
guidewire. Preferably the coil wire has a distal portion
formed of platinum; and the distal portion of the core is
joined to the platinum in the distal portion of the coil
wire.

In a third aspect, the invention features a
medical guidewire having an elongated body that has a
first flexibility and a distal tip region of a second
relatively greater flexibility. The guidewire includes a
core having a body portion, and an end portion disposed
in a tip region and spaced proximally from a round tip
element that defines a distal end of the guidewire. A
coil is joined to the body portion of the core at its
proximal end and extends along the core to a termination
point at the distal tip. A safety wire is secured to the
distal tip, and a sleeve is positioned around the core
and extending to a region near the distal tip. The
sleeve is secured to the safety wire, and transmits
torque to the distal tip.
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Attributes sought by physicians employing

'guidewires include high torque response of the distal tip

within the body to rotation of the portion outside the
body; stiffness over much of the length for transmission
of axial pressure; a flexible tip to facilitate
manipulation into side branches and through convoluted
passages and also to aveid patient trauma; and also a
radiopaque tip region for clear viewing. The guidewire
of the invention features these attributes and further
provides a relatively smooth transition from the relative
stiff proximal portion of the guidewire to the flexible
distal tip. The use of nitinol in the tip region
increases its flexibility.

o These and other features and advantages of the

- invention will be apparent from the following description
. of a presently prefe:red embodiment, and from the claims.

Description of a Presehtlz Preferred Embodiment
We first briefly describe the drawings.

Fig. 1 is a side view partially in section of a
medical guidewire of the invention;
| Fig. 2 is a top plan view of the core, safety and
transition wires, and sléeve»of the guidewire of Fig. 1;

Fig. 3 is a;perSPective view partially in section
of the distal tip region of the guidewire of Fig. 1;

Fig. 4 is a side section view of the coil-to-coil
joint; . ' -

- Fig. 5 is a somewhat diagrammatic representation
of the guidewire flexed to show the smooth transition of
flexibility; and

Fig. 6 is a top plan view of an alternative
embodiment of a core for a guidewire of the invention.

Referring'to Figs. 1 and 2,'a guidewire 10 of the
invention has an elongated proximal core element 13 and
distal core element 12 joined by a coupling 37, a first
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coil 14 joined at its proximal end 16 to coupling 37, and
a second coil 18 joined to the distal end of the first
coil at 20 and extending distally to a distal round end
tip element 22, e.g., a weldment.

Referring to Fig. 3, disposed within the distal
portion of first coil 14 and extending along within
second coil 18, along the distal portion of core 12, are
safety wire 24 and transition wire 26, e.g., platinum or
stainless steel wire, having a diameter of 0.003 inch
(0.076 mm), or a cross section of 0.002 inch (0.05 mm) by
0.005 inch (0.127 mm). Safety and transition wires 24,
26 terminate distally in generally flat end portions 28?
30, respectively, e.g., about 10 mm long by 0.005 inch
(0.127 mm) wide by 0.0012 inch (0.03 mm) thick, obtained
in this size or formed by flattening the ends of the
wires. The distal end of safety wire 24 extends and is
joined, e.g., by soldering (or brazing, spot welding,
bonding or TIG (i.e., tungsten inert gas) welding) to
form a distal round end tip element 22. Transition wire
26 terminates distally within second coil 18, spaced
about 7 mm from tip element 22. Transition wire 26 and
safety wire 24 are typically formed of two wires,
attached to core element 12 at their proximal ends by
coupling 37 (Fig. 1) or crimp ring 37' (Fig. 2).

Referring again to Figs. 1 and 2, distal core
element 12, e.g., about 40 cm long, has a body portion
32, e.g., 0.020 inch (0.51 mm) diameter, and a tip
portion 34, e.g., 0.003 inch (0.076 mm) diameter and 8.0
cm long, with a smoothly tapering portion 36, e.g., about
5.5 cm long, all formed of nitinol (e.g., as described in
Sakamoto et al., EP Application No. 0,141,006)
therebetween. Proximal core element 13 is formed of
stainless steel or nitinol. If formed of nitinol,
coupling 37 (Fig. 1) may be replaced by a crimp ring 37'
(Fig. 2), with the proximal and distal core elements

PCT/US89/05099
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being integral. Body 32 of the core forms generally the
body of the tip section of the guidewire, while the

- tapering and tip portions 36, 34, in combination with the

other components described, define a distal tip region of
relatively greater flexibility, the guidewire smoothly
becoming more flexible in the direction of the tip. Tip
portion 34 of core 12 terminates distally in a flat
distal end 38, e.g. about 10 mm long by 0.005 inch (0.127

-mm) wide by 0.0012 inch (0.03 mm) thick, formed by

flattening the end of the core wire. Core 12 extends
distally’within the second coil and terminates (Fig. 3)
at a position spaced, e.g., about 10 mm from tip element
22. , ,

As shown in Fig. 3, the core wire is positioned to
leave a gap 40 between end portions 28, 38 of safety wire
24 and core 12, and an end portion 30 of the transition
wire is disposed to bridge the gap. The result is a
smooth transition of flexibility to the tip, as described
more ful;y below with reference to Fig. 5.

Referring again to Fig. 2, disposed about the
proximal portion of the body of the core element 13 is a
sleeve 42, e.g., polytetrafluorethylene (PTFE) heat
shrunk tightly about the core 13, or polyethylene.
Typically, prior to heat shrinking, the sleeve has a
0.060 inch (1.52 mm) outer diameter and 0.003 inch (.0076
mm) wall. The sleeve is disposed in position about the
core and heated to 800°F (425°C), e.g., with a hot air
blower or in an oven or by other suitable means, to
shrink the sléeve,to engage tightly about the core.

Referring again to Fig. 1, the first coil 14,
e.g., made from stainless steel wire having a diameter of
0.007 inch (0.178 mm) formed into a pre-tension coil, has
a proximal portion 44 with an outer diameter of about
0.035 inch (0.89 mm)'and.tépers in the region 46,
corresponding generally to the tapering portion 36 (Fig.
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2) of the core 12, to a distal portion 48 having an outer
diameter of 0.025 inch (0.635 mm). Coil 14 is joined to
coupling 37 at 16, adjacent the distal end of sleeve 42.
(The outer diameter of the sleeve is equal to or
preferably less than the outer diameter of the coil, as
shown.)

Second coil 18 is formed of a radiopaque material,
e.g., platinum, for enhanced visibility within the body
via radioscope. Coil 18 is a 0.003 inch (0.076 mm)
diameter wire formed into a coil having an outer diameter
at its proximal end (region 20) corresponding to the
outer diameter of the adjacent end of first coil 14,
e.g., 0.025 inch (0.635 mm), and a consequent inner
diameter of 0.019 inch (0.48 mm). The second coil tapers
(region 21) to a flexible proximal portion 19 about 30 mm
long with an outer diameter of about 0.018 inch (0.46
mm) . 7

Referring to Fig. 4, first coil 14 and second coil
18 are joined by removing wire material from the outer
diameter of the first coil, e.g., by grinding, to a depth
substantially equal to the diameter or thickness of the
wire forming the second coil. Preferably, the wires of
the first and second coils are sized so no more than one
half of the diameter of the first coil must be removed.
As a result, removal of material from the exterior of the
first coil provides a smooth flat surface for joining of
the second coil and the windings of the first coil remain
engaged under pretension. (Removal of more than one-
half of the diameter will result in a soft, loose coil.)
The proximal end of the second coil is disposed over the
distal end 49 of first coil 14 in region 20 and the two
are joined, e.g., by solder 47 or the like. To further
enhance the smoothness of the transition from relatively
stiff first coil 14 to more flexible second coil 18,
adjacent windings 51 of the first coil (region 53),

PCT/US89/05099
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proximal of the joint (region 20), are tweaked, i.e.,
spaced apart, to relieve the pretension set in forming

and the windings are permanently deformed in the spaced

" condition, rendering the first coil relatively more

flexible in the region approaching the joint and the
considerably more flexible second coil.
The combination of structural features described

~above, ihcluding, without limitation, the materials and

the relationships of dimension and construction, results
in a guideWire that provides a high degree of torque,
i.e., approaching l—tofl, between rotation of the
proximal end and response of the distal tip, and further
results in a guidewire having relatively smooth and
gradual transitidn from the guidewire body to the
relatively more flexible distal tip. Referring to Fig.
5, guidewire 10 of the invention increases in flexibility
in the distal tip region 48, 20 towérd the tip 22.

Other embodimehté are within the following claims.
For example, referring to Fig. 6, a polyimide torgue
sleeve 50 is provided jammed at proximal end 52 to core
12 and then attaéhed to core 12 by cyanoacrylate
adhesive. Distal end 54 is attached by adhesive to core
12. safety wire 24 and;transition wire 26 are fixed to
sleeve 50 by this adhesive and thus whip is reduced at

- the tip of the guidewire. These wires may terminate at

the proximal end of the torque sleeve 50. Sleeve 50
terminates proximally of the distal end of the guidewire
so as not to interfere with welding of the tip 22.
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What is claimed is: -9 -

1. A medical guidewire having an elongated body
that has a first flexibility and a distal tip region of a
second, relatively greater flexibility, said guidewire
comprising

a core having a body portion of a first diameter,
a distal portion terminating in a relatively smaller
diameter, and a generally flat or rounded distal end
portion, said end portion disposed in a tip region and
spaced proximally from a round tip element that defines a
distal end of said guidewire, said distal portion being
formed of nitinol,

a first coil joined to the body portion of said
core at its proximal end at coupling means and extending
along said core to a termination point in said distal tip
region, proximal of the end portion of the core,

a relatively more flexible second coil has a
proximal end joined to said first coil and has a distal
end joined to the round tip element,

a safety wire secured to said core, said safety
wire having a generally flat distal end portion within
said second coil, joined to said round tip element,

a transition wire secured to said core, said
transition wire having a generally flat distal end
portion disposed to terminate within said second coil
intermediate of the distal end portions of said core and
of said safety wire, said safety wire and said transition
wire being‘secured to said coupling means. '

2. The medical guidewire of claim 1 wherein the
generally flat distal end portions of the core, safety
wire and transition wire are of predetermined axial
extent, and the generally flat distal end portion of said
transition wire is disposed to span a gap between a

proximal end of the safety wire generally flat distal end
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portion and a distal end of a core generally flat distal

_ end portion.

3. The medicai guidewire of claim 1 wherein at

least one of said safety wire and said transition wire is

a flat ribbon wire,

4. The medical guidéwire of claim 1 wherein at
least one of said safety wire, said transition wire, said

second coil and said round tip element are of radiopaque

material.

5. The medical guidewire of claim 1 wherein said
radiopaque material comprises platinum.

6. The medical guidewire of claim 1 wherein said
first coil in a first region preceding said .second coil

‘has a first outer diameter and in a second region distal

said first region said first coil has a second,
relatively smaller outer diameter, and

said second coil, in a proximal region adjacent
said first coil, has an outer diameter substantially
'equalrtc the first outer diameter of said first coil and
an inner diameter substantially equal to the second outer
diameter of said first coil, and the proximal region of
said second coil is disposed about the secénd, smaller
diameter region of said first coil.

7 7. The medical guidewire of claim 6 wherein the
diameter of said first coil in said first region is
substantially uniform, and the diameter of said first
coil in said second region is substantially uniform, and
said first region lies immediately adjacent said second
region.

PCT/US89/05099
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8. The medical guidewire of claim 6 wherein the
relatively smaller second diameter of the second region
of said first coil is formed by removal of coil wire

material from the exterior of said coil.

9. The medical guidewire of claim 6 wherein said
first coil and said second coil are joined in the

proximal region of said second coil.

10. The medical guidewire of claim 1 or 6 wherein
adjacent windings of said first coil in the region
proximal of joining to said second coil are relatively
more spaced than adjacent windings of other, more

proximal regions of said first coil.

11. The medical guidewire of claim 1 wherein said
first coil terminates distal of a proximal end of said
core and said guidewire further comprises a sleeve of
polymeric material disposed about said core.

12. The medical guidewire of claim 11 wherein the
material of said sleeve is polytetrafluorethylene (PTFE)
or polyethylene.

13. The medical guidewire of claim 11 wherein the
sleeve terminates distally adjacent to coupling means or
a proximal end of said first coil and the outer diameter
of said first coil near the sleeve termination point is
equal to or greater than the outer diameter of the

adjacent sleeve.

14. A medical guidewire comprising a core and a
coil wire, said core having a proximal portion formed of
stainless steel, and a distal portion formed of nitinol,
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said coil wire extending over a minor portion of the

length of said guidewire.

15. The medical guidewire of claim 14 wherein
said coil wire has a distal portion formed of platinum.

' 16. The medical guidewire of claim 15 wherein
said distal portion of said core is joined to said :
platinum in said distal portion of said coil wire.

17. A medical guidewire having an élongated body
that has a first flexibility'and a distal tip region of a
second relatively greater flexibility, said guidewire
comprising: 7

"a core haVing a body pottion, and an end portion
dispésed'in~a tip region and spaced proximally from a
round tip element that defines a distal end of said
guidewire, o o

a coil joined to the body portion of said core at
its proximal end and extending along said core to a
termination point at said distal tip,

a safety wire secured to said distal tip, and

a sleeve positioned around said core and extending
to a region near said distal tip, said sleeve being
secured to said safety wire, wherein said sleeve
transmits torque to said distal tip.



PCT/US89/05099

-

N
0
wn

WO 90/0

1/ 3

9

Le €l

_____g

|
| v




PCT/US89/05099

WO 90/05557

2/ 3

_—
QM

-

BUBSTITUTE



PCT/US89/05099

WO 90/05557

99l
e o¢ . zs
o ON —1 * r - *
- A b
> U S N \ A 6]
: =M||| U 1 5 “_." ﬂ
e 05 ve  9e e El



INTERNATIONAL SEARCH REPORT

International Application No. PCI'/U589/05099

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) &

C(5) A6 25/00
U.S. CL. 128/772,657

According to International Patent Classification (IPC) or to both National Classification and IPC

Il. FIELDS SEARCHED

Minimum Documentation Searched 7

Classification System

Classification Symbois

U.S.

128/772,656,657,658,341,342,343,344
604/164,165,166,167,168,169,170,280,282,95

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched 8

IIl. DOCUMENTS CONSIDERED TO BE RELEVANT ¢

Category * Citation of Document, 1 with indication, where appropriate, of the relevant passages 12 Relevant to Claim No. 13

Y US,A, 3,890,977 (WILSON) 24 Jume 1975. 1-16
See the entire document.

Y,P | US,A, 4,827,911 (TAYLOR) 09 May 1989. 1-16
See the entire document.

Y US,A, 4,545,390 (LEARY) 08 October 1985. 14-16
See the entire document.

X US,A, 4,719,92% (CRITTENDEN) 19 January 1988. 17
See the entire document.

Y,P |US,A, 4,830,023 (DE TOLEDO) 16 May 1989. 1-16
See the entire document.

A US,A, 4,003,369 (HEIIMAN) 18 January 1977. 1-17
See the entire document.

A US,A, 3,749,086 (KLINE) 31 July 1973. 1-17
See the entire document.

A US,A, 3,906,938 (FLEISCHHACKER) 23 September 1975. 1-17
See the entire document.

A US,A, 4,676,249 (ARENAS) 30 June 1987. 1-17
See the entire document.

* Special categories of cited documents: 1

“A" document defining the general state of the art which is not
considered to be of particutar relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date but
later than the priority date ciaimed

ugn

uyn

uon

uph

tater document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

wpn

uyr

nyn

e

V. CERTIFICATION

Date of the Actual Completion of the International Search

14 January 1990

Date of Mailing of this Iqternational Search Report

International Searching Authority

ISA/US

Si ure of Aythorize Officer

/ iy .
BV 7R AN B
Angela?éﬂces ’ /

Form PCTNSA%210 (sacond sheet) (Rev.11-87)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

