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CATHETER GUIDEWIRE WITH
RADIOPAQUE MARKERS

RELATED APPLICATION

This application is a continuation-in-part of application
Ser. No. 08/212,558, filed Mar. 11, 1994 and abandoned.

FIELD OF THE INVENTION

The invention relates to guidewires used to support and
guide dilatation catheters as they are advanced through body
lumens such as blood vessels.

BACKGROUND OF THE INVENTION

A wide variety of guidewires are used for various medical
purposes in the treatment of the human body. Typically
guidewires are used to guide a catheter to a site within a
patient’s blood vessel to perform the procedure for which
the catheter is adapted. For example, guidewires, particu-
larly small diameter steerable guidewires, perform the
important function in percutaneous transluminal coronary
angioplasty of guiding a balloon catheter such that the
balloon can be placed at the site of the stenosis (obstruction)
to be treated. The balloon is then inflated to dilate the
stenosis and subsequently increase the blood flow through
the artery.

Typical angioplasty steerable guidewires include a tor-
sionally rigid, longitudinally flexible shaft and a flexible
distal end that includes a coil, all or part of which may be
radiopaque, so that a physician can monitor fluoroscopically
the position and advancement of the guidewire.

During procedures, such as coronary angioplasty, it is
often the practice to inject a radiopaque contrast liquid into
the artery so that the shape and path of the artery, particularly
in the region of the stenosis, may be visualized fluoroscopi-
cally. The radiopacity of some guidewire coils may be so
dense as to visually obstruct the stenosed part of the artery
when the contrast liquid is injected. As a result of the visual
obstruction, the ability of the physician to visualize and
assess the nature of the stenosis is impaired.

U.S. Pat. No. 5,144,959 (Gambale) describes a guidewire
which does not visually obstruct the desired part of the artery
when contrast liquid is injected. The distal region of the
Gambale guidewire includes a coil having a highly radio-
paque distal portion, a moderately radiopaque proximal
portion and a non-radiopaque intermediate portion. The
guidewire may be advanced so that its distal portion
advances through and beyond the stenosis while the non-
radiopaque portion is disposed at the region of the stenosis
to prevent visual obstruction. The moderately radiopaque
proximal portion provides an indication of the position and
configuration of the more proximally located portions of the
guidewire, Thorough assessment of the stenosis, however, is
difficult without the provision of a visual reference length.

The provision of a visible reference length would enable
the physician to make in vivo measurements of the lesion to
determine its length and shape and dimensions of the artery
adjacent to the lesion. The assessment facilitates the selec-
tion of an appropriately sized balloon catheter and, addi-
tionally, in the event that a stent is needed to prevent the
artery from collapsing in the area of the lesion, aids in the
selection of an appropriately sized stent. It is, therefore,
desirable for the distal region of non-obstructing guidewires
to include a highly radiopaque distal section and more
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proximal uniformly spaced radiopaque markers, which pro-
vide such a reference length.

It is among the general objects of the invention to provide
guidewires having the foregoing desirable characteristics.

SUMMARY OF THE INVENTION

A guidewire, in accordance with the invention, has an
elongate flexible shaft. In a first embodiment of the inven-
tion, a distal radiopaque coil is supported about and is
attached to a distal portion of the shaft. A proximal radio-
paque coil is supported about and is attached to a distal
portion of the shaft, spaced proximally from the distal coil.
The distal coil may be more radiopaque than the proximal
coil which would make it appear darker than the proximal
coil under fluoroscopy. The two coils may have identical
radiopacity. A polymer sleeve encases the shaft between the
distal and proximal coils, its ends overlapping the proximal
end of the distal coil and the distal end of the proximal coil.
The guidewire also includes at least one radiopaque marker
band attached to the shaft between the distal and proximal
coils and encased by the polymer sleeve. Thus, the
guidewire provides a distal region having a highly radio-
paque distal portion, a non-radiopaque intermediate portion
(except for the radiopaque markers), and a moderately or
highly radiopaque proximal portion.

In a second embodiment of the invention, a radiopaque
coil is supported about and is attached to the distal portion
of the distal region of the shaft. At least one radiopaque
marker band is attached to the proximal portion of the distal
region of the shaft. A polymer sleeve encases the marker
bands and the proximal portion of the distal region of the
shaft. In this embodiment, the guidewire provides a distal
region having a highly radiopaque distal portion and a
non-radiopaque proximal portion (except for the radiopaque
markers).

In a third embodiment of the invention, a radiopaque coil
is supported about and is attached to the distal region of the
shaft. The coil has varying pitch along its length and
includes highly radiopaque distal and proximal sections and
a moderately radiopaque intermediate section. The
guidewire may also include an additional small radiopaque
coil attached to the distal end of the guidewire and located
within the distal section of the coil for increased radiopacity
in the distal section. The intermediate section may include
one or more tightly wound coil sections. Each coil section
appears as a dark marker under fluoroscopy, and is separated
from the proximal and distal sections by loosely wound coil
sections, which appear lighter under fluoroscopy. A polymer
sleeve encases the coil along a majority of the length of the
coil. Thus, the guidewire provides a distal region having
highly radiopaque distal and proximal portions and a very
lightly radiopaque intermediate portion (except for the
darker radiopaque markers).

In a fourth embodiment of the invention, a radiopaque coil
is supported about and is attached to the distal region of the
shaft. The coil has varying pitch along its length and
includes highly radiopaque distal and proximal sections and
a lightly radiopaque intermediate window section. The inter-
mediate window section may include one or more smaller
tightly wound coil sections separated by loosely wound coil
sections. Each smaller tightly wound coil section appears as
a dark marker under fluoroscopy. A polymer sleeve encases
the intermediate window section of the coil. The sleeve is
attached to the guidewire only at the ends of the sleeve by
heat shrinking the ends of the sleeve to the tightly wound
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coils immediately adjacent the intermediate window section.
A small gap exists between the coils of the intermediate
window section and the sleeve such that the contour of the
coils in the window section do not project through the
sleeve. Thus, the guidewire provides a distal region having
highly radiopaque distal and proximal portions and a lightly
radiopaque intermediate portion (except for the darker radio-
paque markers).

The guidewire of the invention is intended to be used such
that the non-radiopaque section (if using the guidewire of
the first or second embodiments), or lightly radiopaque
section (if using the guidewire of the third or fourth embodi-
ments), is placed within the stenosed region of the artery so
that the radiopacity of the guidewire will not interfere with
the fluoroscopic imaging of the stenosis when the artery is
injected with radiopaque contrast liquid. The radiopaque
markers provide a reference for the physician to measure the
length of the stenosis, the dimensions of the adjacent arterial
area, and/or to mark the location of a lesion or a stent. Thus,
the markers aid in the selection of an appropriate balloon
and, if necessary, in the selection of an appropriate stent.
This invention allows the physician to do this regardless of
visualization angle or degree of fluoroscopic magnification.
The polymer sleeve insulates the spaced coils or bands from
the inner arterial wall and provides a uniform outer diameter
(in some embodiments) to the distal region of the guidewire
such that a catheter will smoothly move over the guidewire.

DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and advantages of the
invention will be appreciated more fully from the following
further description thereof, with reference to the accompa-
nying drawings wherein:

FIG. 1 is a longitudinal sectional fragmented illustration
of first embodiment of the invention;

FIG. 2 is a longitudinal sectional fragmented illustration
of a second embodiment of the invention;

FIG. 3 is a longitudinal sectional fragmented illustration
of a third embodiment of the invention;

FIG. 4 is a longitudinal sectional fragmented illustration
of a variation to the third embodiment of the invention; and

FIG. 5 is a longitudinal sectional fragmented illustration
of a fourth embodiment of the invention.

It is to be appreciated that the figures are not drawn to
scale and are highly diagrammatic to illustrate the concepts
of the invention.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENT

FIG. 1 shows a first embodiment of the invention. As
shown, the guidewire, when intended for percutaneous
transluminal coronary angioplasty may be approximately
175 cm to 300 cm in total length and includes an elongated
rotationally rigid, longitudinally flexible core wire 10, pref-
erably made of stainless steel or other material suitable for
use as a guidewire shaft. The majority of the length (approxi-
mately 148 cm to 273 cm) is in the proximal segment 11 of
the core wire which has a substantially uniform diameter of
approximately 0.010" to 0.018". The proximal segment 11
merges into a first tapered segment 12, about 3 c¢m long
which, in turn, merges into an intermediate barrel segment
14, approximately 22.5 cm long and about 6 mils in diam-
eter. Intermediate segment 14 merges into a second tapered
segment 15, about 3 cm long which, in turn, merges into a
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distal barrel segment 16, about 2.5 cm long and approxi-
mately 2 mils in diameter. The distal segment.16 is more
flexible than the intermediate segment 14. Alternatively, the
core wire (from taper 12 to distal segment 16) may have a
continuous taper along its length.

A distal coil 18, approximately 3 cm in length, is sup-
ported about the distal segment of the core wire and pref-
erably is attached at its proximal end to the core wire by
adhesive at joint 20. Suitable adhesives include an ultravio-
let curable adhesive or a cyanoacrylate adhesive. The joint
20 alternatively may be welded, soldered or brazed. The
distal coil 18 is attached at its distal end to the core wire by
a distal hemispherical tip weld 22. The distal coil may be
formed from a highly radiopaque material such as a gold/
platinum or platinum/tungsten alloy. In a guidewire intended
for use in percutaneous transluminal coronary angioplasty,
the diameter of the wire from which the distal coil 18 is
wound preferably is within the range of 0.001-0.004 inches.
The outer diameter of the distal coil 18 preferably is within
the range of 0.010-0.018 inches.

A proximal coil 24 is supported about the intermediate
segment 14 of the core wire and is preferably attached at its
distal end to the core wire by adhesive at joint 26. The
proximal end of coil 24 extends to the proximal end of the
intermediate segment 14 of the core wire where it may be
attached to the core wire by adhesive at joint 25. Joints 25
and 26 may alternatively be welded, soldered or brazed. The
outer diameter of the proximal coil is preferably the same as
that of the distal coil 18. The proximal coil preferably is
7-22 cm in length. The proximal coil 24 may be less
radiopaque than the distal coil 18 or of equivalent radiopac-
ity. The proximal coil preferably is formed from the same
material as the distal coil but may be formed from smaller
diameter wire to achieve the desired reduced radiopacity.

The region of the guidewire between the proximal and
distal coils, including a portion of the intermediate segment
14 and tapered segment 15, is covered by a flexible poly-
meric sleeve 34. The sleeve, preferably having an outer
diameter equal to that of the proximal and distal coils,
provides a uniform outer diameter to the distal region of the
guidewire such that the catheter will smoothly move over
the guidewire during advancement. The sleeve preferably is
flexible, kink resistant and includes a lubricious surface for
aiding in guidewire maneuverability. The sleeve preferably
is formed from a polymer material (such as polyamide or
polyethylene) which exhibits the above properties. A hydro-
philic or hydrophobic coating may be used to coat the outer
surface of the polymer sleeve for added lubricity.

The sleeve preferably is as thin as is practical, depending
on the polymer material from which the sleeve is made, in
order that the region of the sleeve displays a desired degree
of flexibility. The wall thickness of the sleeve preferably
falls within the range of 0.0002-0.002 inches. The sleeve
preferably covers the proximal end of the distal coil and the
distal end of the proximal coil and may be 5-20 cm in
length. As shown in FIG. 1, the distal end of the proximal
coil 24 and the proximal end of the distal coil 18 can be
stretched and tapered down to a smaller diameter in the
region where they are attached to the core wire and over-
lapped by the ends of the polymer sleeve 34. The polymer
sleeve preferably is adhesively attached at both ends to the
guidewire. If adhesively attached, a small gap 23 exists
between the inner surface of the sleeve and outer surfaces of
the marker bands 28, 30 and 32 (discussed below). The size
of the gap is approximately equal to 0.001 inches but would
depend on the thickness of the sleeve wall and the outer
diameter of the marker bands. The gap prevents the outer
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contour of the marker bands from projecting through the
polymer sleeve. Alternatively, the sleeve may be heat shrunk
about the guidewire.

Radiopaque marker bands 28, 30 and 32 are attached to
the core wire between the proximal and distal coils. Marker
bands 28, 30 and 32 preferably are attached by adhesive at
joints 36, 38 and 40, respectively. Alternatively, joints 36, 38
and 40 may be welded or brazed. The marker bands pref-
erably are made from a radiopaque material such as tanta-
lum, platinum, gold or alloys thereof. The marker bands will
be spaced to provide optimum usability for various in vivo
dimension measurements by a physician. Particularly, the
spacing and dimensions of the marker bands provide refer-
ence lengths such that the length and shape of a lesion and
adjacent arterial dimensions can be determined fluoroscopi-
cally. Such a determination can aid a physician in the
selection of an appropriately sized balloon. Additionally, if
necessary, such a determination aids in the selection of an
appropriately sized stent. The marker bands also provide
reference locations which can aid in placing a post-stent
balloon after stent placement. While the guidewire prefer-
ably includes three marker bands, as shown and described,
it is envisioned that as few as one marker band could be
used.

The guidewire of the first embodiment thus has a distal tip
section 16 that is highly radiopaque, an intermediate section
(between the coils) that is non-radiopaque (except for the
marker bands), and a proximal section that is moderately or
highly radiopaque. Such an arrangement may be referred to
as “grey/white/black” or “black/white/black” (from the
proximal to the distal ends), referring to its relative appear-
ance under fluoroscopy. The highly radiopaque distal seg-
ment provides clear, visible, fluoroscopic indication of the
distal tip of the guidewire to indicate clearly the guidewire
position. Typically, the distal tip of the guidewire is
advanced through and beyond the stenosis to be treated. The
intermediate, non-radiopaque segment is intended to be
disposed at the region of the stenosis so that the region will
be unobstructed by radiopaque effects of the guidewire.
Thus, the full radiopaque effect of the radiopaque contrast
liquid injected into the artery can be visualized on the
fluoroscope, particularly in the critical stenosed region of the
artery. The moderately or highly radiopaque proximal seg-
ment provides an indication of the position and configura-
tion of the more proximally located portions of the
guidewire and, therefore, the proximal arterial anatomy.

The “grey/white/black” or “black/white/black”™ configu-
ration can be achieved with the appropriate relative degrees
of radiopacity by varying the thicknesses of the wires from
which the coils are wound, as described above. Alterna-
tively, as will be understood by those skilled in the art, the
coils may be plated with varying thicknesses of radiopaque
material to achieve the desired levels of radiopacity. The
plating process is described in U.S. Pat. No. 5,144,959
(Gambale), which is herein incorporated by reference in its
entirety.

FIG. 2 illustrates a second embodiment of the invention
which is fairly similar in construction to the first embodi-
ment. Like elements in FIG. 2 are referred to by identical
reference characters (to those in FIG. 1). In the embodiment
of FIG. 2, the construction of the core wire 10, the distal coil
18, and the marker bands 28, 30 and 32 is identical to that
of the first embodiment (shown in FIG. 1). The guidewire of
the second embodiment, however, omits the proximal coil
24 of the first embodiment. As in the first embodiment, a
polymeric sleeve 34, having the same properties as those
described above, encases the proximal end of the distal coil
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and the marker bands. In the second embodiment, however,
sleeve 34 extends proximally of the marker bands to tapered
segment 12 of core wire 10. The sleeve provides -a uniform
outer diameter to the distal region of the guidewire to aid in
smooth advancement of the catheter over the guidewire. The
sleeve preferably is adhesively attached at both ends to the

guidewire. Like the embodiment of FIG. 1, if adhesively

attached, a small gap 39 exists between the inner surface of
the sleeve and the outer surface of the marker bands 28, 30
and 32. The gap prevents the outer contour of the marker
bands from projecting through the polymer sleeve. Alterna-
tively, the sleeve may be heat shrunk about the guidewire
such that, proximally of the marker bands, the sleeve 34
tapers down to fit tightly around the intermediate segment 14
of core wire to create a smooth transition.

The guidewire of the second embodiment thus has a distal
region including a distal tip section 16 that is highly radio-
pague and a proximal section that is non-radiopaque. Such
an arrangement is referred to as “white/black” (from the
proximal to the distal ends), referring to its relative appear-
ance under fluoroscopy. As with the embodiment of FIG. 1,
the highly radiopaque distal segment provides clear, visible
fluoroscopic indication of the distal tip of the guidewire to
indicate clearly the guidewire position and the proximal,
non-radiopaque segment provides for unobstructed visual-
ization of the stenosis.

FIG. 3 shows a third embodiment of the invention in
which a radiopaque coil 50 is supported by and attached to
a distal region of the core wire 51. Core wire 51 is an
alternate embodiment core wire in which the distal barrel
segment 16 of the core wire 10 of the first embodiment is
absent and is replaced by a pair of round forming wires 53
and 55 which extend from tapered segment 15 to hemi-
spherical tip weld 22. The forming wires, typically 3-7 cm
in length, preferably are adhesively attached to tapered
segment 15 and extend approximately 2 cm beyond the
distal tip of core wire 51. The forming wires preferably are
formed from materials such as stainless steel, Sandvik
1RK91, PH455 or MP35N, described below. The forming
wires may be round forming wires as disclosed in U.S.
application Ser. No. 08/015,642, titled “Guidewire with
Round Forming Wires”, filed on Feb. 9, 1993, which appli-
cation is herein incorporated by reference in its entirety. Coil
50 can be used, however, with the core wire 10 of the first
embodiment. Similarly, the guidewire constructions of the
first and second embodiments can be used with the core wire
51.

As shown in FIG. 3, the distal end of the coil 50 is
attached to the hemispherical tip weld and the coil extends
proximally to the tapered section 12 of the core wire. The
proximal end of the coil 50 is attached to the core wire by
adhesive at joint 52. Alternatively, joint 52 may be soldered
or brazed. Coil 50 may also be attached to the core wire,
preferably by adhesive, near the distal end of the coil to add
structural integrity to the distal end of the guidewire such
that unwinding of the coil during advancement of the
guidewire through an artery is prevented. Spring 50 prefer-
ably is formed from a radiopague material such as a plati-
nun/gold or other suitable alloy. The diameter of the wire
from which the coil 50 is wound preferably is within the
range of 0.001-0.004 inches. The outer diameter of the coil
preferably is within the range of 0.010-0.018 inches. A
typical coil length falls within the range of 5-20 cm. If using
a coil having a length of 5 cm, the corresponding dimensions
of the core wire would be less than that disclosed above, as
will be appreciated by those skilled in the art.

Spring 50 has varying pitch along its length including
multiple tightly wound coil sections separated by loosely
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wound coil sections. The tightly wound coil sections appear
dark under fluoroscopy and the loosely wound coil sections
appear light. Among the tightly wound coil sections are a
distal section 54, preferably within the range of 2-3 cm in
length, and a proximal section 55, within the range of 3-10
cm in length. Thus, the proximal and distal sections are
highly radiopaque.

An intermediate section 57 of the coil may include
multiple tightly wound coil sections 56, 58, 60, 62, and 64,
and loosely wound coil sections 65, 66, 68, 70, 72, and 74.
The intermediate section as a whole appears light under
fluoroscopy with the tightly wound sections appearing as
dark markers, providing reference lengths and location
markers for the physician. Markers 56, 58, 60 and 62 may
be uniformly spaced, preferably in 1 cm to 2 cm multiples.
The number of markers and the length and spacing thereof,
however, can be changed to suit a particular application. It
is envisioned, that as few as one marker band could be used.

The majority of the length of the spring, from a proximal
point of the distal section to the proximal end of the spring,
is covered by a flexible polymeric sleeve 34. Sleeve 34
exhibits the same qualities as the sleeve described above in
connection with the first and second embodiments. The
sleeve provides a uniform outer diameter to the distal region
of the guidewire. The sleeve, therefore, helps to ensure
smooth catheter movement over the guidewire during
advancement. Sleeve 34 preferably is adhesively attached to
the guidewire at proximal 76 and distal 78 joints. If adhe-
sively attached, a small gap 80 exists between the outer
surface of spring 50 and the inner surface of sleeve 34. The
gap enables free bending movement of the coils of spring 50
beneath the sleeve 34 while the guidewire is maneuvered
through an artery. Additionally, the gap prevents the contour
of the outer surface of the coils from projecting through the
polymer sleeve 34. Alternatively, the ends of the sleeve 34
maybe heat shrunk about the guidewire. It should be under-
stood that the method of attaching the sleeve to the
guidewire only at its ends by adhesive or by heat shrinking
its ends can be used with any of the guidewire embodiments
disclosed herein.

The guidewire of the third embodiment thus has a distal
tip section and a proximal section that are highly radiopaque
and an intermediate section that is lightly radiopaque (except
for the darker markers). Such an arrangement is referred to
as “black/grey/black” (from the proximal to the distal ends),
referring to its relative appearance under fluoroscopy. As
with the previously described embodiments, the highly
radiopaque distal segment provides clear, visible fluoro-
scopic indication of the distal tip of the guidewire to indicate
clearly the guidewire position and the intermediate, lightly
radiopaque segment provides for substantially unobstructed
visualization of the stenosis.

As described above, the proximal and distal sections of
the coil preferably are equally highly radiopaque. Alterna-
tively, the distal section can be more radiopaque than the
proximal section. To achieve the desired relative radiopacity,
the distal section 54 of the coil may be wound from a wire
having a greater diameter than that of the proximal section.
Alternatively, as will be understood by those skilled in the
art, the distal section 54 may include another shorter radio-
paque coil 90 which is supported by and attached to the
extreme distal part of the core wire and which is located
within the distal section of the coil, as shown in FIG. 4.

Referring to FIG. 4, inner coil 90 is attached at its distal
end to the hemispherical tip weld 22 and may be attached at
its proximal end to the forming wires 53 and 55 and the
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tapered segment 15, preferably by adhesive. Alternatively,
the proximal end of the inner coil may not be attached to any
element. Besides inner coil 90, the embodiment of FIG. 4 is
identical to that of FIG. 3. The inner coil 90 preferably has
an outer diameter within the range of 0.006-0.012 inches, a
length within the range of 1-4 cm, and is made from a
radiopaque material such as platinum, gold or a platinum/
gold alloy. The diameter of the wire from which the inner
coil is wound is preferably within the range of 0.001 to 0.003
inches. The inner coil 90 is surrounded by the distal section
of the coil 50 such that the distal section will appear highly
radiopaque.

FIG. 5 shows a fourth embodiment of the invention in
which the guidewire preferably falls within the range of
180-300 cm in length and includes an elongated rotationally
rigid, Jongitudinally flexible core wire 10, preferably made
of stainless steel. The majority of the length (preferably
110-280 cm) of the core wire is in the proximal portion 11
which has a substantially uniform diameter, typically within
the range of 10-18 mils. The proximal portion 11 merges
into a first tapered segment 12, preferably 2—-10 cm in length,
which, in turn, merges into a first barrel segment 13,
preferably 10-20 cm in length. The diameter of barrel
segment 13 preferably is within the range of 5-12 mils, less
than that of proximal portion 11. First barrel segment 13
merges into a second tapered segment 17, preferably 2—-6 cm
in length, which, in turn, merges into a second barrel
segment 19, preferably 5-15 cm in length. The diameter of
barrel segment 19 preferably is within the range of 4-10
mils, less than that of first barrel segment 13. Barrel segment
19 merges into a third tapered segment 21, preferably 2-10
cm in length, which extends to the distal end of the core
wire.

One or more forming wires (only one of the forming wires
53 is shown) extend from tapered segment 21 to a rounded
tip weld 22. The forming wires, typically one to five cm in
length, preferably are adhesively attached to tapered seg-
ment 21 at joint 78 and extend approximately 2 cm beyond
the distal tip of core wire 10. Alternatively, joint 78 can be
soldered or brazed. The forming wires preferably are made
from a specially treated precipitation hardenable alloy mate-
rial. One such material is an alloy of nickel, cobalt, molyb-
denum and chromium, commercially available from Fort
Wayne Metals of Fort Wayne, Ind. under the trade designa-
tion MP35N. Another suitable material is a single stage
martensitic precipitation hardenable stainless steel having
modified proportions of chromium and nickel and with
additional elements of copper and titanium, commercially
available from Carpenter Steel Co. of Reading, Pa. under the
trade designation 455PH. Still another suitable material is a
precipitation hardenable alloy that is commercially available
from Sandvik Steel under the trade designation Sandvik
1RKO1.

While the distal region 27 of the core wire has been shown
and described herein as including two tapered segments, two
barrel segments and two forming wires, it should be under-
stood that other core wires can be used with this fourth
embodiment such as, for example, a core wire that has a
distal region including only a single barrel segment which
merges into a tapered segment that extends to the distal end
of the core wire (with or without forming wires). Any of the
guidewire embodiments disclosed herein can be practiced
with a core wire having a distal region that either includes
one or more forming wires or, alternatively, a core wire that
extends to the distal tip of the guidewire.

A radiopaque coil 50 is supported by and attached to the
distal region 27 of the core wire 10. The distal end of the coil
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50 is attached by the hemispherical tip weld. Just proximally
of the distal end of coil 50, the coil is attached to the core
wire at joint 78. Joint 78 also adds integrity to the structure
of the distal end of the guidewire to prevent the coil 50 from
separating from the core wire if the forming wires break
during use. The coil extends proximally to the tapered
section 12 of the core wire 10. The proximal end of the coil
is attached to the core wire by adhesive at joint 52. Alter-
natively, joint 52 can be soldered or brazed. Spring 50
preferably is formed from a radiopaque material such as
platinum/gold or other suitable alloy. The diameter of the
wire from which the coil is wound preferably is within the
range of 0.0015-0.003 inches. The outer diameter of the coil
preferably is within the range of 0.010-0.018 inches. A
typical coil length falls within the range of 15-40 cm. While
the coil is shown in FIG. 5 as having an outer diameter that
is less than that of the proximal portion 11 of the core wire,
it is to be appreciated that the outer diameter of the coil is
preferably equal to or approximately equal to the outer
diameter of the proximal portion 11 of the core wire.

Spring 50 has varying pitch along its length including
distal and proximal tightly wound coil sections 54 and 55
~ separated by an intermediate loosely wound window coil
section 57. The tightly wound coil sections appear dark
under fluoroscopy and the loosely wound window coil
section appears light. Distal section 54 preferably falls
within the range of one to five cm in length, proximal section
55 preferably falls within the range of 10-25 cm in length,
and intermediate window section 57 preferably falls within
the range of 5-20 cm in length.

Intermediate window section 57 may include a number of
short tightly wound coil sections (not shown) separated by
loosely wound coil sections as in the embodiment of FIG. 3.

, The tightly wound sections appear as dark markers under
fluoroscopy for providing reference lengths and location
marks for a physician. The number of markers and the length
and spacing thereof can be selected to suit a particular
application.

Intermediate window section 57 of the coil 50 is covered
by a flexible polymeric sleeve 81. The sleeve 81 is kink
resistant and includes a lubricious surface for aiding in
guidewire maneuverability. The sleeve preferably is formed
from polyethylene terephthalate (PET) but may be formed
from other thermoplastic polymers such as polyethelene. A
hydrophilic or hydrophobic coating may be used to coat the
outer surface of the guidewire including the polymer sleeve
for added lubricity.

The sleeve preferably is as thin as is practical, depending
on the polymer material from which the sleeve is made, in
order that the region of the sleeve displays a desired degree
of flexibility. The wall thickness of the sleeve preferably
falls within the range of 0.0002-0.002 inches. The sleeve 81
is attached to the guidewire only at its proximal and distal
ends 82 and 84 (each preferably within the range of 0.5-2
cm in length) by heat shrinking the sleeve only at those ends.
Only the ends 82 and 84 of the sleeve 81 are respectively
heat shrunk about the tightly wound coils of the proximal 55
and distal 54 regions immediately adjacent the window
section 57.

A small gap 80 exists between the outer surface of the
intermediate section 57 of coil 50 and the inner surface of
sleeve 81. The size of the gap is approximately equal to
0.0001 inches but would depend on the thickness of the
sleeve wall and the outer diameter of the spring. The gap
prevents the contour of the outer surface of the coils from
projecting through the sleeve and contacting the inner arte-
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rial wall (which would occur if the sleeve were heat shrunk
about the entire length of the coil) so that the guidewire can
be navigated smoothly through the artery during use. Addi-
tionally, the sleeve 81 insulates the loosely wound coils of
the intermediate section 57 from the inner arterial wall to
prevent them from significant movement relative to one
another during advancement through an artery. Such move-
ment could result in altering the fluoroscopic image of the
guidewire and/or altering the structure and functionality of
the coils of the spring. )

The distal region of the fourth embodiment (FIG. 5) of the
guidewire thus has distal tip and proximal sections that are
highly radiopaque and an intermediate section that is lightly
radiopaque. Such an arrangement is referred to as “black/
grey/black” (from the proximal section to the distal end),
referring to its relative appearance under fluoroscopy. The
highly radiopaque distal segment provides clear, visible
fluoroscopic indication of the distal tip of the guidewire to
indicate clearly the guidewire position. Typically, the distal
tip of the guidewire is advanced through and beyond the
stenosis to be treated. The intermediate, lightly radiopaque
segment is intended to be disposed at the region of the
stenosis so that the region will not be materially obstructed
by radiopaque effects of the guidewire. Thus, the full radio-
paque effect of the radiopaque contrast liquid injected into
the artery can be visualized on the fluoroscope, particularly
in the critical stenosed region of the artery. The radiopaque
proximal segment provides an indication of the position and
configuration of the more proximally located portions of the
guidewire and, therefore, the proximal arterial anatomy, so
that a physician can observe the more proximally located
portions of the guidewire.

The proximal and distal sections of the coil preferably are
equally highly radiopaque. Alternatively, the distal section
can be more radiopaque than the proximal section. To
achieve the desired relative radiopacity, the distal section 54
of the coil may be plated with a radiopaque material.

The guidewire of the present invention provides a number
of advantages. The guidewire facilitates better lesion assess-
ment both by providing a non-obstructing region that does
not impair fluoroscopic evaluation of the shape of the lesion
and by providing a radiopaque proximal section that allows
visualization of the proximal portion of the wire. It also
provides radiopaque markers which offer a simple means by
which the physician can determine the length of the lesion,
adjacent arterial dimensions, and/or reference lesion or stent
location. Selection of an appropriately sized balloon and, if
necessary, selection of an appropriate stent is, therefore,
facilitated. Additionally, the sleeve provides a uniform outer
diameter to the distal region of the guidewire to ensure
smooth movement of the catheter during advancement. Also,
as in the fourth embodiment, by heat shrinking the sleeve
only at its ends, the outer contour of the coils is prevented
from projecting through the sleeve, and the sleeve insulates
the loosely wound coils from the inner arterial wall, pre-
venting them from substantial relative movement.

Thus, we have described a guidewire having varied
degrees of radiopacity whereby, a distal section of the distal
region of the guidewire appears dark under fluoroscopy and
an intermediate section of the distal region appears generally
white (or light in an alternate embodiment). At least one
radiopaque marker may be located in the intermediate
section for providing reference lengths and location marks
for a physician. A polymer sleeve encases at least part of the
distal region, providing a uniform outer diameter to the
region (in some embodiments), to aid in smooth catheter
advancement. It should be understood, however, that the
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foregoing description of the invention is intended merely to
be illustrative thereof and that other embodiments and
modifications may be apparent to those skilled in the art
without departing from its objects, purposes and spirit.

Having thus described the invention, what we desire to
claim is:

1. A guidewire comprising:

an elongate flexible shaft;

a distal radiopaque coil supported about and attached to a
distal portion of the shaft;

a proximal radiopaque coil supported about and attached
to an intermediate portion of the shaft, the proximal coil
being longitudinally spaced from the distal coil; and

a polymer sleeve encasing the shaft between the proximal
and distal coils and at least a portion of the proximal
and distal coils.

2. A guidewire as defined in claim 1, wherein the polymer
sleeve encases a proximal region of the distal coil and a
distal region of the proximal coil.

3. A guidewire as set forth in claim 1 further comprising
at least one radiopaque marker attached to the shaft between
the distal and proximal coils, the at least one marker being
encased by the polymer sleeve.

4. A guidewire as set forth in claim 3 wherein the at least
one marker includes at least one radiopaque marker band
attached to the shaft.

5. A guidewire as set forth in claim 1 wherein the distal
coil is more radiopaque than the proximal coil such that the
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distal coil will appear darker than the proximal coil under
fluoroscopy.

6. A guidewire as set forth in claim 5 wherein the wire
from which the distal coil is wound has a greater diameter
than the wire from which the proximal coil is wound.

7. A guidewire as set forth in claim 1 wherein the
radiopacity of the distal coil is approximately equal to the
radiopacity of the proximal coil such that both coils will
appear equally dark under fluoroscopy.

8. A guidewire comprising:

an eclongate flexible shaft;

a radiopaque coil supported by and attached to a distal
portion of the shaft;

at least one radiopaque marker attached to an intermediate
portion of the shaft, proximally to the coil; and

a polymer sleeve attached to the shaft and encasing the at
least one marker such that a gap exists between the at
least one marker and the sleeve.

9. A guidewire as set forth in claim 8 wherein the at least
one marker includes at least one marker band attached to the
shaft.

10. A guidewire as set forth in claim 9 wherein the
polymer sleeve also encases the shaft proximally to the at
least one marker band.

11. A guidewire as set forth in claim 10 wherein the
polymer sleeve also encases the proximal end of the coil.
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