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(57) Abstract

A guidewire (1) comprising a distal end (2), a shaft portion (4) and a proximal end (3), wherein the shaft portion comprises at Teast
one helically wound group (10) of at least two wires (7, 8, 9) extending side by side and having a pitch angle in the range of 35° to 76°.
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A GUIDEWIRE

Description
Technical Field
The present invention relates to the field of medical devices and

more particularly to guidewires for vascular procedures.

Backaround of the invention

Medical guidewires for vascular procedures, such as angioplasty
procedures, diagnostic and interventional procedures, percutaneous access
procedures, or radiological and neuroradiological procedures in general,
traditionally comprise an elongated Eore element with one or more tapered
sections near the distal end thereof and a flexible helical coil disposed about
the distal portion of the core element. The distal extremity of the core
element or a separate safety ribbon which is secured to the distal extremity
of the core element extends through the flexibie coil and is secured to the
distal end member of the guidewire, which is a rounded member at the distal
end of the helical coil. Torquing means are provided on the proximal end of
the core element to rotate and steer the guidewire while it is being advanced
through a patient's vascular system.

The physician views the progress on a screen and makes the
distal end of the guidewire enter and follow tortuous vascular vessels from
the entry site through the various vascular branches to the target site by
pushing and rotating the proximal end of the guidewire outside of the.
patienf. tn connection with the advancement of the guidewire or once the
guidewire has been positioned at the desired site, a wide variety of medical

devices may be directed to the target site along the guidewire by simply

“sliding the device over the guidewire and advance the device to the distal

end of the guidewire. A typical medical device is a catheter, and very often

a catheter and the guidewire are introduced in a common procedure where




PA-5210-PCT REPLACEMENT PAGE

the guidewire is advanced.a distance in front. of the catheter, then the
catheter is advanced over the guidewire, followed by a further advancement

5  of the guidewire. Foliowing placement of the catheter or other device, the
guide wire can be removed if desired.

The flexible eoil acts as a protective measure of a suitably large
diameter, hindering the guidewire core in damaging the vascular wall. The
above mentioned guidewire is known from U.S, Patent No. 4,619,274 to

10 Morrison whose guidewire has a progressively attenuated diaméter. An
elongated core element extends from the proximal to the distal ends of the
guidewire and has a decreasing cross sectional area in a direction towards
the distal end member. A coil is carried by and secured to said core element
and has proximal and distal ends. The coil has a diameter which decreases

18  in a direction towards the distal end. The ¢oil is formed of a single helical
wound wire which has a diameter which decreases from one end to the
other end with the larger diameter beginning in a region closer to the
proximal end and the smaller diameter wire ending in a region closer to the
distal end.

20 U.S. Patent No. 5,001,825 to Halpern describes a fabrication
process for a guidewire core where a solid metal wire is drawn-down in
several stages to have a stepwise decreasing diameter towards the distal
end, The core is surrounded by a flexible coil having an outer diameter
which decreases near the distal end. The coil consists of a single halicall

25  wound wire thing a constant cross sectional area.

U.S. Patent No. 4,932,419 discloses a ¢atheter-like, fluid-
transmitting éuidewire device having a ball tip element at the distal end, a
shaft, inner and outer coils of helical cross-wound wires along the shaft to
the distal end, a sheath surrounding the outer coil, and a movable and

30  removable core within the lumen of the inner coil and with a proximal handle.
The wires of the coils have a pitch angles of 75° or greater from transverse;

the inner and outer coils are joined to sach other at distal and proximal ends;

AMENDED SHEET
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The outer coil may have four side-by-side wires wound at a 4:1 ratio, and the inner

coil may have two flat wires of different widths and be wound at a 2:1 ratio.

It is an object of the present invention to provide a guidewire which in its distal area
is highly flexible and yet capable of transferring torques applied to the proximal end
of the guidewire to the distal end of the guidewire in a very precise manner even

when the guidewire follows a loop-shaped course.

SUMMARY OF THE INVENTION

The present invention relates to a guidewire comprising a distal end member and a
shaft portion extending in a longitudinal direction from a proximal end towards the
distal end member, and at least one helical wound wire extending from a position at
the shaft portion to the distal end member, characterized in that the at least one
helical wound wire comprises a helically wound group of at least two wires
extending side by side with a pitch angle in the range of 35° to 76° to the longitudinal
direction of the guidewire, and the windings are in mutual abutment at least within

the group.

In the prior art guidewires the core element transfers the torque to the distal area of
the guidewire, but the core element also restricts the flexibility of the guidewire.
When the core element is given a very small diameter in its distal area in order to
improve the flexibility, it looses the ability to transfer the torque. When, according to
the invention, the flexible coil in the distal end of the guidewire is made of two or
more wires which are wound with a pitch angle in the specified range, the wound
wires transfer torque and also force components directed in the axial direction of the
guidewire to the distal end thereof, The guidewire surprisingly maintains its
capabilities for transferring torque when it follows a tortuous path involving two or
more loops. The torque is transferred all the way to the distal end member or tip of

the guidewire, meaning that the distal end member can be very precisely steered
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trom the proximal end. If the pitch angle exceeds 80" the ability to transfer
torque Is lost.

5 In a preferred embodiment, along a distance of at least 10 em
from the distal end member said at least ane helical wound group of wires
is the primary or the sole torque-transferring means between the shaft
portion and the distal end member.  Because the torque is transferred
through the helical wound wires the central core can be given very feeble

10 dimensions, thus increasing the flexibility of the distal portion, or it can be
compleately left out by making at least the most distal 10 ¢m of the guidewire
witheut a torque-transferring solid metalllc core inside said at least one group
of wires. If desired there can be a safety ribbon inside the wound wires,
connecting the rounded distal end member with a more proximal shaft

15 portien, but such a ribbon will normally not be required.

Due to the very high fiexibility, pushability and torquability and the
ability of the guidewire to maintain each of these three charactaristics even
when set in a very tortuaus pattern involving two or more tight loops the
guidewire can be of use in very small and distant vessels. In order to further

20 enhance use of the guidewire in vessels with small lumen the at least one
helical wound group of wires has a smaller outer diameter at the distal end - -
than at said position on the shaft portion.

If the group of wound wires is secured 1o the shaft, which for
example can be of traditional type with a core member or can be another

25  group of wires of larger dimensions, such as by soldering or welding the
proximal end of the group onto the shaft the guidewire can be prone to
kinking at tl‘%a transition between the flexible group of wires and the
remainder of the shaft, With a view to avoiding this, the said at least ons
helical wound group of wires preferably extends into the shaft portion

30  towards the proximal end, and even more preferably it extends along a
guidewire length at least in the range of 20-50 em from the distal end. The

additional stiffness caused by the attachment of the wire is less disturbing

AMENDED SHEET
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the longer it occurs from the distal end of the guidewire. It is possible 1o let

the group or groups of hefical wound wires extand to a pasition at the

&  proximal end of the guidewire, 50 that they span the entire guidewire. It is
preferred that the wires in said at least one group have a separation from one |

wire to the next in the group of less than the diameter of the wire. Normally,
the wires in the group are placed so close they touch each other. |

in one embodiment the at least one of the wires in said at least

10 one group is ribbon-shaped. The widest cross sectional dimension, the

. breadth of the wire is directed in the longitudinal direction of the guide-wire,

It is preferred that the ribbon-shaped wire has rounded edges.

In a preferred embodiment the at least one group of wires is made

of from 2 to 8 helical wound wires. A number of the wires are placed next

16 to each other and wound in the same direction. By using several wires their
aggregate breadth can be adapted to correspond to the desired pitch
distance. As an alternative to winding all wires in the same direction some,
such as one half of the ﬁumber of wires, can be winded in one direction
while others, such as the other half, can be wound in the opposite direction.

20 Such winding can be effected in separate rounds resulting in a coll of two
layers of wires with-mutual opposite handedness.

In the preferred embodiment the guidewire is made without a salid
or hallow metallic core inside the at least one coil. By dispensing with the
metallic core the flexibility of the guidewire is increased, and the

25  manufacturing of the guidewire is simplified.

In an embodiment the cross-section of said wires in said at least
one helical wound group is a circular shape in the proximal-end of the wire,
and in the distal portion of the wire the cross-section has the shape of a
circular segment which has a straight line facing radially cutwards, Such a

30  variation of the cross-sectional shape can be the result of grinding of a helical
wound wire on its outside with the purpose of reducing the diameter of the

helical waund wire in its distal portion. The circular segment has less cross

AMENDED SHEET




" 17-04-2001

1560 - 1oypl 3pezsguyy US 000008543
PA-5210-PCT REPLACEMENT PAGE

sectional area than the corresponding full circular, shape, and the reduced
cross-sectional area greatly increases the bending flexibility of the helical
5  wound wire without sacrificing its ability to transfer torque. )

in another aspect the present invention relates to a guidewire
comprising a distal end, a shaft portion and & proximal end, wherein the
 shaft portion comprises at least one helical wound group of at least two
wires having a pitch angle in the range of 35°-72°, and said at least one
10 helical wound group of wires having said pitch angle extends to the distal
end of the guidewire. With this guidewire the above mentioned advantages

are achieved. ‘
In one aspect of the guidewire of the present invention, an
elongate distal guidewire portion of said at least one helical wound wire is
16 subjected to grinding, reducing the outer diameter of said distal guidewire
portion in relation to a proximal portion of the guide wire. Grinding is an
advantageous manner of ménufacturing the above mentioned guidewires
because it is very easy to adapt the grinding process to the specific
guidewire to be produced, and a wide variety of guidewires can be pre-
20 manufactured as wound guidewire bodies having an even outer diameter
along their entire length. When the specific use of the guidewire is specified,
such as a guidewire for accessing a kidney in an adult via the femoral route,
which requires a guidewire having a relatively long portion with the full
diameter and a relatively short portion with a quickly reduced diameter. For
25  a guidewire for neuroradiclogical use via the femoral route, which requires
a gentle redL{ction in diameter dver a relatively long distance and a long and
soft distal portion, it is a simple matter to adjust the grinding process to the

desired guidewire. 7

The method can be adjusted to grind the elongate distal portion of
30 the guide wire to have a substantially continuously diminishing outer
diameter which results in a gradual increase of bending flexibility of the

guidewire.

AMENDED SHEET
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It is further possible to adjust the method to grind the elongate

distal portion of the guide wire to have a substantially stepwise diminishing

5  outer diameter which is often preferable in case of very long distat portions.
Further, the method can be so that elongate distal portions of the guide wire

are ground to have areas with diminishing outer diameters mixed with areas

having substantially constant outer diameters.

10 Brief Deseription of the Drawings

Examples of the invention will now be described in more detail
with reference to the highly schematical drawings, in which:

Fig. 1 depicts a sketch ofr a guidewire according to the invention
when following an example of a course in the vascular system;

15 Fig. 2 illustrates a partial, longitudinal section through an

embodiment of the guidewire;

Fig. 3-6 depict partial, longitudinal sections through helical wound
wires in embodiments of the guidewire; and

Figs. 6-8 depict partial, longitudinal views of embodiments with

20  aradiopaque marker in the distal end.

Detajled Description
In the following description of the embodiments the samse

reference numerals are used for features of the same type.

25 A guidewire seen in Fig. 1 is generally denoted by 1 and has a
distal end 2 capable of being advanced to a target site in the vascular system
and a proxim%l end 3 that is kept outside the patient's body. A shaft portion
4 extends from the proximal end towards the distal end and carries near the
proximal end a handle 5 releasably secured to the guidewire. The guidewire

30  cantypically have a length in the range of 50-300 ¢m and a maximum outer
diarmeter in the range of 0.204-1.072 mm (0.008-0.042 inches). It can alsc

AMENDED SHEET
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include several sagments where the proximal segment has a larger diameter
than one or more intermediate segments which has/have larger diameters)

5 than the distal segment. When such a guidewire follows a tortuous vessel
path involving several sharp bends, loops and the like, it is desirable that a N

turning of handle 5 results in a similar turning of the distal end 2.

AMENDED SHEET
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The shaft portion 4 can include a solid shaft which is of a metallic

material such as medicai grade stainless steel or Nitinol. In that case a
coiled distal portion 6 is fixed onto and in extension of the shaft portion.
However, in the preferred embodiment the coiled portion continues from the
distal to the proximal ends, and the use of a solid shaft is made superfluous.
The coiled portion ends distaily at the distal end member 2, which is a
member having a soft front end termination, such as a rounded front or a
front of very flexible material or very flexible configuration. End member 2
can be a solder, or & sphere that can be laser welded, for example, onto the ,
distal end of the coiled portion. Further, end member 2 can also include a
soft coil of radiopaque material. In the embodiment depicted in Fig. 2 three
wires 7, 8 and 9 have been placed next to each other and have been wound
in a common operation into a wound group of three wires 10 with a pitch
angle a of the individual wire of about 40°. The pitch angle is the included
angle between the longitudinal axis of the guidewire and the center axis of
the relevant wire 7, 8 or 9. The size of the pitch angle depends on the
diameter of the wire, the diameter of the guidewire, and of the number of
wires in a grbup. if the pitch angle is smaller than 35° the desired
torquability is lost, and if the pitch angle becomes larger than 76° it also
becomes difficult to transfer the torque to the distal end. The most
preferred pitch angle is in the ran.ge of 60 10 70°. A pitch angle in the
ranges of 35-50° or 70-76° is also very useful and allows certain
modifications to be made to the properties of the guidewire. I the
pushability is the most important criteria the pitch angle can be chosen at for _
example 38°, and if the bending flexibility is most important the pitch angle
can'be chosen at 75°, for example. However, the combination of torque
transferral, pushability and transverse flexibiiity is normally well-balanced for -
pitch éngles in the range of 50-68°. The pitch or pitch distance is indicated

by b and is the distance in the longitudinal direction of the guidewire from
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the first wire in one turn of the group to the same first wire in the next turn of the

group.

The wire 7, 8 or 9 is of a linear elastic material, such as stainless steel, titanium or
tantalum, or it is made of a superelastic alloy, such as Nitinol. The diameter d of the
wire is in the range of 0.06-0.45 mm, and preferably in the range of 0.15-0.35 mm. In
case the wire is of stainless steel it has preferably an ultimate tensile strength in the
range of 1800-2700 N/mum but lower or higher values are also possible. The
guidewire is made by placing a group of from two to eight wires in a row next to
each other, e.g. according to the desired pitch angle, whereafter the group of wires is
wound about a mandrel. Then the mandrel with the coiled wires can be subjected to
heat treatment in order to remove residual stresses from the wires. As an example,
the heat treatment can last for about two hours in an oven at a temperature of about

500 DEG C. After the heat treatment the mandrel is removed from the wires.

In the embodiment shown in Fig, 2 the distal portion 6 has a plurality of sections 11,
12 and 13 having sequentially smaller outer diameters D1, D2 and D3 towards distal
end member 2 with tapered sections 14 and 15 connecting the smaller diameter
sections with larger diameter sections. The sections with reduced diameter have been
manufactured by grinding the distal portion in a centerless grinding machine. The

inner diameter of the sections 11-13 is preferably constant.

In the ground portions wires 7, 8, 9 have a cross-section that deviates from a circular
shape and have the shape of circular segment which has a straight line 16 facing
radially outwards. In the shaft portion the guidewire has a diameter D1
corresponding to the diameter of coil 10 prior to its grinding where the wires 7, 8 and

9 have their full cross-sectional area. This diameter is present along the length 15.

The three wires placed in a group side by side are identical. The grinding procedure

produces the tapered section 15 in which the outer
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diameter diminishes to diameter D2, and the tapered section 14 in which the
outer diameter of the guidewire diminishes to diameter D3. Due to the
smailer outer diameters sections 13 and 11 have considerably larger
transverse flexibility and higher softness, but torque is nevertheless
surprisingly transferred fully to the distal end.

_ The guidewire can in part or along the entire length include two
rows of wires placed one outside the other as ilustrated Fig. 3. The inner
rew 17 includes a group of wires wound in the opposite direction than the
group of wires in the outer row 18. In case the proximal portion of the
guidewire is to have a large stiffness in order to be able to be directed
through large vessel over long distances it can be an advantage to utilize at
least two rows of wires in the proximal portion and less rows or a single row
in the intermediate and/or distal portions of the guidewire. As an alternative
to be placed one outside the other the grbups of wires ¢can be braided as
illustrated in Fig. 4 which resuits in more homogenous properties of the
guidewire but also in somewhat less flexibility.

In the embodiment of Fig. 6 the group of wires includes a single

. ribbon-shaped wire 19 and a wire 7 with circular cross-section,

If a particular flexible design is desired without sacrifice to
torquability each wire in a group can be braided or layered of severai
filaments or strands each having.a diameter in the range of 0.01-0.10 mm,
using traditional lay patterns and methods known from the making of ropes
and wires,

In order to make the tip portion of the guidewire more visible on
a screen it is desirable to use some kind of radiopaque material, such as
piatinum which in itself lacks the desirabie high strength properties provided
by the use of stainless steel, Nitinol or another material of high strength and
large fiexibility and élasticity. In the embodiment iilustrated in Fig. 6 by a
sectional view of the distal portion, one wire 20 or strand out of a group of

three is of the radiopague material and the remaining two 21 are out of the
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high strength material. The wire 20 cén have a relatively short length and
be fixed in distal extension of, a wire of the same type as wires 21.

As an alternative, & guidewire distal portion 16 of the type shown
in Fig. 2 can be provided with a coil 22 of radiopaque wire which has a very
smail wire diameter, such as 0.05-0.35 mm. The coil has a pitch distance
corresponding to the diameter of the wire, and consequently coil 22 is
unable to transfer torque and is very flexibie so that the desired properties
of the distal guidewire portion are not impaired by adding coil 22 to the
guidewire. Another embodiment according to the invention is outlined in Fig.
8 where tip 2 is of radiopaque material and includes a thread or a ribbon 23
of similar material that extends centraily into the holiow inner space in the
guidewire to a free end. Further it is possible to position a distal tip member
designed as a very soft coil 24 of radiopague material in extension of wires
7.8, 9 as outlined in Fig. 9. Such a coil can for example have a length 16
of about 35 mm. Apart from making the tip visible it can aiso serve as a
very soft and pliable tip member.

The guidewire can be made with a uniform diameter throughout
its length. In case the guidewire has diminishing diameter towards the distal
end a prefebricated guidewire of uniform diameter can be grinded to the
desired dimensions as described above.

As an alternative or supplement to grinding, the guidewire can be
composed of several wire portions in which the wires have mutuaily
different diameters and cross-sectional areas. In a proximal portion the ‘
wires can have a larger diameter than the wires in one or more intermediate
portions and these can have larger diameter than the wires in a distal
portion, ‘

In the following, some examples of guidewires made according to

the invention are described.
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EXAMPLE 1:

Wires of stainless steel grade AISI 304 and an outer diameter
d=0.014" (0.35 mm) were used for making guidewires. Two lengths of
wires were placed side by side in & group which was wound about a mandril
resulting in a guidewire which had an outer diameter of D=0.042" (1.07
mm), where after the mandrii was removed. The same was repeated with
groups of three, four and five wire lengths placed side by side and wound
in a common movement around the mandril, The resulting wires were
placed in loop-shape with a number of loops having an approximate loop
diameter of 2 cm and the ability to transfer torque from oneﬂend of the wire
to the other was visually examined. Then the pitch angle was visually
determined under 50 times magnification. This manner of determining the
angle is somewhat inaccurate but provides a rough estimate of the angie.
There was also made a coil of a single wire. The single wire coil had a pitch
angle of about 80° and it was unable to transfer torque when it had two
loops. The guidewire made of a group of two wires had a pitch angle of
about 72°, and it could transfer torque when set with two loops and three
loops. The guidewire made of a group of three wires had a pitch angle of
about 64° and it transferred perfectly the torque in a 1:1 relationship even
when set with three or more loops {ten loops functioned). The guidewire
made of a group of four wires had a pitch angle of about 53° and turned out
to have the same exceilent properties as the one with a group of three
wires. The guidewire made of a group of five wires had a pitch angle of
about 40° and turned out to have the same excellent properties as the one
with a group of three wires. The higher number of wires provides the shaft
iess flexibility and larger pushability, which can be desirable for guidewires

used for passing iong distances through larger vessels,
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EXAMPLE 2:

With wire lengths having a diameter of d=0.008" (0.20 mm) a
group of four wires was wound around a mandril as described above, and
a pitch angle of about 52° was determined in the resulting guidewire which
had an outer diameter of D=O.é3 mm (0.025"). The guidewire was tested
like mentioned above and it showed excellent properties. Torque could be

transferred even when the guidewire was set with more than 10 loops.

EXAMPLE 3: |

With wire lengths having a diameter of d=0.003" {0.075 mm)
groups of two and three wires were wound around a mandril as described
above, and pitch angies of about 66° for the three wire group and about
76° for the two wire group were determined in the resulting guidewire
which had an outer diameter of 0.010" {0.25 mm). The guidewires were
tested like mentioned above, and the one with the two wire group could
transfer torque, but not as well as in Example 2, and the oné with the three
wire group could without problems transfer torque when set with three

loops.

EXAMPLE 4:

With wire lengths having a diameter of d=0.006" {0.15 mm) a
group of four wires was wound around a mandril as described above, and
a pitch angle of about 50° was determined'in the resulting guidewire which
had an outer diameter of D=0.018" (0.45 mm). The guidewire was tested
like mentioned above and it showed excellent properties. Torque could be
transferred even when the guidewire was set with more than 10 ioops.
The various embodiments can be combined into other embodiments within
the scope of the present invention. Other modifications are possible, such
as using a core member within the coiled wires, which core member can

extend along the proximal and any intermediate portions but not aleng the
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distal portion. The core member can have a cross-sectional area that

diminishes gradually or stepwise at increasing distance from the proximal

end of the guidewire. -
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A guidewire (1) comprising a distal end member (2) and a shaft portion (4)
extending in a longitudinal direction from a proximal end (3) towards the distal end
member (2), and at least one helical wound wire (7, 8, 9) extending from a position at
the shaft portion to the distal end member, characterized in that the at least one
helical wound wire comprises a helically wound group (10) of at least two wires (7, 8,
9) extending side by side with a pitch angle in the range of 35° to 76° to the
longitudinal direction of the guidewire, and the windings are in mutual abutment at

least within the group.

2. A guidewire (1) according to claim 1, characterized in that along a distance of
at least 10 em from the distal end member (2) said at least one helically wound group
(10) of wires is the primary or the sole torque transferring means between the shaft

portion (4) and the distal end member (2).

3. A guidewire (1) according to claim 1 or 2, characterized in that at least the
most distal 10 em of the guidewire is made without a torque-transferring solid

metallic core inside said at least one group (10) of wires.

4, A guidewire (1) according to claim 1, characterized in that said at least one
helically wound group (10) of wires has a smaller outer diameter at the distal end (2)

than at said position on the shaft portion (4).

5. A guidewire (1) according to claim 4, characterized in that said smaller outer

diameter comprises outwardly facing portions of said wires being ground away.

6. A guidewire (1) according to claim 1, characterized in that said at least one

helically wound group (10) of wires extends into the shaft portion (4) towards the
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proximal end (3), preferably along a guidewire length at least in the range of 20-50
cm from the distal end (2).

7. A guidewire (1} according to claim 6, characterized in that said at least one
helically wound group (10) of wires extends to a position at the proximal end (3) of

the guidewire.

8. A guidewire (1) according to any of claims 1 to 7, characterized in that said at

least one helically wound group (10) of wires comprises three wires (7, 8, 9).

3. A guidewire (1) according to any of claims 1 to 8, characterized in that one of

said wires is a ribbon-shaped wire (19).

10. A guidewire (1) according to any of claims 1 to 9, characterized in that one (20)
of said wires is of radiopaque material and another wire (21) is of high strength

material.

11. A guidewire as in claim 1 wherein the pitch angle is in the range of 35 to 72°.

Dated this 10th day of June 2003.

COOK INCORPORATED AND
WILLIAM COOK EUROPE APS
By their Patent Attorneys
MADDERNS
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