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RAPID EXCHANGE GUIDEWIRE
MECHANISM

FIELD OF THE INVENTION

This invention relates to medical guidewires and catheters
and to improved methods and devices to facilitate proce-
dures involving their use.

BACKGROUND OF THE INVENTION

A wide variety of medical catheterization procedures
involve the cooperative use of a guidewire over which the
catheter can be threaded so that the guidewire can guide the
catheter to the intended site in the patient’s body. The use of
a guidewire reduces the risk of trauma to the blood vessel by
the advancing catheter and enables the catheter to be
advanced quickly, thereby reducing the time required for the
procedure. The guidewire typically is more readily manipu-
lated by the physician into a desired position in the patient’s
body than is the far more flexible catheter. After the
guidewire has been directed to the desired location in the
body, the catheter then can be threaded over and along the
guidewire, with the wire providing support and guidance for
the flexible catheter.

Guidewires are used frequently in connection with cath-
eters adapted for the diagnosis or treatment of the cardio-
vascular system. They are useful particularly in connection
with those procedures where it may be necessary for the
physician to use a series of different catheters that are
inserted into and withdrawn from the patient. Each of the
catheters may be provided with a different shape, size,
configuration or implement suited for a specific purpose. For
example, angiographic studies typically include the use of at
least three cardiac catheters including a right coronary artery
catheter, a left coronary artery catheter and a pigtail catheter.
Each has a different shape and configuration at its distal end
(the end inserted into the patient; the opposite end, is the
“proximal” end), each being designed to facilitate placement
of the distal end of the catheter at specific locations within
the region of the heart. By way of further example, other
types of catheters may include balloon dilatation catheters
intended to be placed within an obstructed (stenosed) por-
tion of an artery and then inflated under high pressure to
expand the lumen of the artery and improve blood flow
through the artery. Such a dilatation procedure is commonly
referred to as “angioplasty” and has had significantly
increased use for nearly two decades in the treatment of
coronary artery disease. Still other types of catheters, such as
atherectomy catheters, catheters incorporating optical ele-
ments for the transmission of light, catheters used in the
delivery of a stent, among others, often are used in connec-
tion with guidewires.

It is common in the use of wire guided catheters for the
physician to withdraw the catheter from the patient and
substitute another catheter in its place. When doing so, it is
desirable to leave the guidewire in place in order that the
guidewire can be used to advance the succeeding catheter
directly to the treatment site with a minimum of delay and
trauma. In order to maintain the guidewire in place while
withdrawing the catheter, the guidewire must be held in its
position in the blood vessel as the catheter is withdrawn. The
catheter, however, typically is longer than the proximal
portion of the guidewire that protrudes out of the patient.
Thus, before the catheter is fully withdrawn it completely
covers the proximally extending end of the guidewire such
that the physician can no longer grasp the guidewire. In
order to effectively remove the catheter while permitting the

10

15

20

25

30

35

40

45

50

55

60

65

2

guidewire to remain in place, some means must be provided
to prevent the guidewire from being dragged out of position
as the catheter is removed. This problem is frequently
encountered in coronary angioplasty procedures and,
therefore, the present invention, and its background, will be
described in the context of a percutaneous transluminal
coronary angioplasty (PTCA) system.

Dilatation catheters commonly used in PTCA include an
elongate flexible shaft of the order of about 150 cm long
having a dilatation balloon mounted to the distal end of the
shaft and an inflation lumen extending longitudinally within
the shaft from the proximal end to the interior of the balloon
so that the balloon may be inflated and deflated. Often such
PTCA catheters also are provided with a full length
guidewire lumen that receives a guidewire and terminates in
openings at the distal tip of the shaft and at the proximal end
of the catheter. When the guidewire and catheter are placed
within a patient’s artery, the guidewire can be manipulated
to guide the wire to a desired location. The catheter then can
be advanced, guided by the guidewire, to that location.

Typically, the balloon dilatation catheter and guidewire
are guided to the entrance to one of the coronary arteries
through another previously placed, larger diameter, single
lumen catheter (a guide catheter). The guide catheter com-
monly is percutaneously inserted into the patient’s femoral
artery and is advanced along the aorta toward the heart. The
guide catheter typically is provided with a pre-shaped distal
tip adapted to engage and remain at the coronary ostium
leading to the coronary artery. Once positioned, the guide
catheter remains in place throughout the procedure to pro-
vide direct, quick access to the entrance to the coronary
artery.

It is common during a PTCA procedure for the physician
to exchange the balloon catheter for another catheter. This
may occur if the physician initially performed a partial
dilatation with a small diameter balloon and then wished to
further dilate the patient’s artery by using a catheter having
a larger balloon. A catheter exchange also may be performed
to perform further operations in the artery such as stent
placement or other treatment. Such a catheter exchange
typically has been accomplished in several ways, all
designed to enable withdrawal of the catheter without losing
guidewire position.

Among the techniques for effecting a catheter exchange is
one in which the conventional guidewire (approximately
175-190 cm long) is removed from the indwelling balloon
catheter and is replaced with a longer exchange wire, usually
about 300 cm long. The additional length of the exchange
wire results in a long proximally protruding portion that is
longer than the catheter to be withdrawn. When the balloon
catheter is withdrawn, some part of the proximally extend-
ing portion of the exchange wire will always be exposed to
provide a means by which the exchange wire can be grasped
and its position in the blood vessel maintained. After the 300
cm exchange wire has replaced the conventional length
guidewire, the original catheter then is withdrawn over the
exchange wire, which is grasped and held in place by an
assistant. The next succeeding catheter then can be inserted
into the patient over the exchange wire. The exchange wire
provides a direct path to guide the new catheter to the
portion of the blood vessel to be treated. If desired, the
exchange wire then may be removed and replaced with a
conventional length guidewire, although some physicians
may prefer to permit the exchange wire to remain in place
for the remainder of the procedure, especially if additional
catheter exchanges are contemplated.

The technique of using a long exchange wire is not free
from difficulty. The proximally extending end of the
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exchange wire is quite long and cannot be manipulated
easily, should it be desired to do so. Typically, the use of a
long exchange wire requires an assistant to hold the proxi-
mal end of the catheter at all times so that it does not fall to
the floor, become kinked or contaminated. The placement of
the exchange wire typically is performed under fluoroscopy
to assure that it is properly placed in the patient’s blood
vessel. The use of an exchange wire also adds to the time and
complexity of the procedure.

Another technique omits the necessity for an exchange
wire by providing a guidewire extension that is attached to
the proximal end of the conventional length indwelling
guidewire, thereby effectively extending the length of the
portion of the guidewire that protrudes out of the patient.
The guidewire length is extended sufficiently to permit the
catheter to be withdrawn and a new catheter to be threaded
back into the patient without losing guidewire position. U.S.
Pat. No. 4,917,103 discloses an illustrative guidewire exten-
sion system.

Still another technique for performing a catheter exchange
has involved the use of a specially constructed “rapid
exchange” catheter having a relatively short guidewire
lumen at the distal end of the catheter. The guidewire lumen
has a proximal opening located distally of the proximal end
of the catheter shaft. In this arrangement, the guidewire
passes through the catheter shaft only for a segment of the
length of the shaft. The rapid exchange catheter can be
moved along the guidewire in “monorail” fashion. Because
the guidewire lumen is considerably shorter than the overall
length of the catheter, the catheter can be withdrawn from
the patient over the original guidewire without dragging the
guidewire out of the artery together with the catheter
because the length of the guidewire protruding from the
patient is longer than the length of the guidewire lumen of
the catheter. Thus, a portion of the guidewire is exposed at
all times and may be grasped by the physician or an
assistant. Among the difficulties presented by the use of a
rapid exchange system is that the system does not permit
guidewires to be exchanged after the rapid exchange cath-
eter is inserted. For example, if the physician decides that a
more flexible guidewire is required, the rapid exchange
catheter must be fully withdrawn to access the proximal end
of its short guidewire lumen. Moreover, once withdrawn, the
catheter cannot direct the new guidewire to the previously
achieved position within the coronary artery. The guidewire
must be steered anew beyond the distal end of the guide
catheter to the treatment site. Another disadvantage in the
rapid exchange catheter system is that a rapid exchange
catheter cannot be exchanged with a conventional dilatation
catheter having a full length guidewire lumen unless an
exchange wire or extension wire system is utilized.
Additionally, the rapid exchange catheter cannot maintain
fluid communication with the region of the blood vessel
beyond the distal end of the catheter, should that be desired.

Still other efforts have been made to overcome the dis-
advantages presented by the use of exchange wires, exten-
sion wires and rapid exchange catheters. European patent
application Serial No. 90308054.7 filed Jul. 23,1990 dis-
closes an arrangement by which the position of the
guidewire is maintained by interposing a balloon within the
guide catheter in a manner that, when inflated, the balloon
entraps the guidewire in a fixed position relative to the guide
catheter. By immobilizing the guidewire with respect to the
guide catheter, it is possible to withdraw the indwelling
dilatation catheter without requiring the use of extension
wires or a rapid exchange catheter. Still other devices have
been developed to effectively immobilize the guidewire with
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respect to the guide catheter, such as a magnetic device
described in U.S. Pat. No. 5,269,759 (Hernandez et al.)
These devices, in general, tend to be costly, can be awkward
to use and require that other compromises be made in order
to enable their use.

There has been a need for a simple, effective and inex-
pensive system and technique for withdrawing an indwelling
over-the-wire catheter while leaving the guidewire in place
and for a system to facilitate catheter exchanges. It is the
general object of the present invention to satisfy that need.

SUMMARY OF THE INVENTION

The invention provides a system and enables a technique
in which an over-the-wire catheter can be withdrawn from
the patient while maintaining the guidewire in its placed
position within the patient. The invention can be practiced
with a standard length guidewire, without the use of
exchange wires or guidewire extensions and with
conventional, non-rapid exchange, over-the-wire catheters.
The invention may be practiced with any conventional
guidewires. The invention is practiced by the simple expe-
dient of constraining a segment of the proximally protruding
portion of the combined guidewire and catheter in a non-
linear configuration and then, while so constrained, simply
pulling the catheter proximally out of the patient. The
catheter shaft is more flexible than the guidewire and can be
drawn more readily along the non-linear path. The deformed
guidewire, however, is not sufficiently flexible to pass
through the non-linear path and, therefore, remains in place.
The configuration of the non-linear path required to practice
the invention may be varied to accommodate the specific
stiffness and frictional characteristics of the particular
guidewire and catheter(s). The outer surface of the
guidewire and the inner luminal surface of the guidewire
lumen of the catheter should have a sufficiently low coef-
ficient of friction and the catheter shaft should have suffi-
cient flexibility relative to the guidewire to enable the
catheter to move, in snake-like fashion along the non-linear
configuration without binding.

The constraint may be implemented by a holding device
that engages a segment of the proximally protruding portion
of the catheter shaft that contains the guidewire to retain
them in the non-linear configuration. The holding device
preferably presents a low friction engagement with the outer
surface of the catheter.

The invention has particular utility to effect a catheter
exchange. After the indwelling catheter has been removed,
another catheter can be threaded onto the proximal end of
the guidewire. A segment of the combined guidewire and
catheter then can be constrained in the non-linear configu-
ration to enable the catheter to be advanced over the
guidewire while maintaining the guidewire in position. The
invention may be practiced with conventional guidewires
without modification or may be practiced with modified
guidewire components in accordance with various aspects of
the invention.

It is among the general objects of the invention to provide
a new and improved system and method for effecting
withdrawal of an indwelling, over-the-wire catheter from a
patient while maintaining the position of the guidewire in
the patient.

Another object of the invention is to provide a new and
improved system and technique for effecting exchange
between an indwelling over-the-wire catheter and another
catheter.

A further object of the invention is to provide a system
and technique of the type described that can be used with a
conventional guidewire.
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Another object of the invention is to provide a system and
technique for effecting a catheter exchange that does not
require the use of exchange wires or extension wires.

A further object of the invention is to provide a system
and technique for withdrawing a catheter and for effecting a
catheter exchange that can be practiced with a conventional
guidewire and without using a rapid exchange catheter.

Still another object of the invention is to provide devices
and techniques for effecting a catheter withdrawal or a
catheter exchange in which the position of the guidewire can
be maintained without modification to the guide catheter and
without using a device for securing the position of the
guidewire directly with respect to the guide catheter.

An additional object of the invention is to provide a
system and procedure for withdrawing a catheter and for
effecting a catheter exchange while maintaining position of
the guidewire in which the catheter and the guidewire are
together constrained externally of the patient and in a
manner that maintains the guidewire in position while
enabling the catheter to be withdrawn and replaced.

A further object of the invention is to provide a system
that enables a rapid exchange catheter to be exchanged with
an over-the-wire catheter having a full length guidewire
lumen, with the exchange being performed over a conven-
tional length indwelling guidewire.

Another object of the invention is to provide devices and
techniques of the type described that are inexpensive and
simple to make and use.

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 diagrammatic illustration of a patient under-
going coronary catheterization;

FIG. 2 is a somewhat diagrammatic, fragmented illustra-
tion of a conventional over-the-wire catheter and guidewire;

FIG. 2A is a cross-sectional illustration of a two-lumen
extruded type of catheter shaft as seen along the line
2A—2A of FIG. 2;

FIG. 2B is a sectional illustration of a two-lumen, two-
tube coaxial type of catheter shaft as seen along the line
2B—2B of FIG. 2;

FIG. 3 is a diagrammatic, fragmented illustration of the
proximal ends of the guide catheter, the operating catheter
and a guidewire in accordance with one illustrative embodi-
ment of the invention;

FIG. 4 is a enlarged diagram of the non-linear shape at the
proximal end of the guidewire shown in FIG. 3;

FIG. 5 is a fragmented, diagrammatic illustration of the
proximal ends of the assembly of the guide catheter, an
operating catheter in the form of a balloon dilatation catheter
and a guidewire, and of the distal end of the balloon catheter
and guidewire, with the balloon having been inflated to
partially dilate a stenosis in the blood vessel;

FIG. 6 is an illustration of the arrangement shown in FIG.
5 with the stenosis having been partly dilated and with the
balloon deflated;

FIG. 7 is an illustration of the apparatus of FIG. 6 with the
dilatation catheter having been pulled back with a proximal
portion of the catheter shaft overlying the non-linear portion
of the guidewire;

FIG. 8 is an illustration similar to FIG. 7 with one
embodiment of a holding device attached to a proximal
portion of the guidewire-containing catheter in the region of
non-linearity;
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FIG. 9 is an illustration of the apparatus of FIG. 5 with the
operating catheter having been drawn proximally over the
guidewire and with the distal end of the operating catheter
withdrawn from the Tuohy-Borst adapter at the proximal
end of the guide catheter;

FIG. 10 is an illustration of the proximal end of a new
catheter having been threaded onto and partly advanced
along the proximal end of the guidewire;

FIGS. 11-13 are illustrations of one general type of
holding device;

FIG. 14 is an illustration of another type of holding
device;

FIG. 15 is a sectional illustration of one of the rollers
embodied in the device of FIG. 14 as seen along the line
15—15 of FIG. 14.

FIG. 16 is an illustration of the shape that was assumed by
a permanently deformable guidewire that was placed in the
fixture of FIG. 14, illustrating the nature and extent of the
shape of the deformation and the shape to which the
guidewire returned after removal from the holding device;

FIGS. 17 and 18 are illustrations of a scissors-like device
for permanently deforming a wire into a non-linear shape in
accordance with one aspect of the invention;

FIG. 19 is a plan illustration of a modified embodiment of
a holding device shown in FIG. 14, modified so that the
rollers are mounted on separate base sections that are
slidable together to enable the device to also shape the
guidewire and catheter;

FIG. 20 is an illustration of the connection between a
guidewire that has been modified to include a proximal
segment having a different modulus of elasticity than the
more distal segment;

FIG. 21 is an illustration of an attachment wire embody-
ing the invention that may be attached to a commercially
available standard length guidewire;

FIG. 22 is an illustration of a portion of a catheter shaft
to which a flexible sleeve has been attached with the flexible
sleeve having a lubricious inner surface; and

FIG. 23 is an illustration of a segment of catheter shaft and
included guidewire in which the guidewire is elastically
deformed to a non-linear configuration and in which the
configuration is defined by a device defining a non-linear
path sufficient to restrain the guidewire from movement
while permitting the catheter to be advanced through the
path by an over-the-guidewire.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

FIG. 1 illustrates, in highly diagrammatic form, a catheter
10 and guidewire 12 which have been inserted into a
patient’s femoral artery and have been advanced to the
region of the patient’s heart where a desired procedure will
be performed. The guidewire 12 and catheter 10 will have
been inserted and placed in the artery in accordance with
well known procedures typically including the preliminary
placement of a single lumen guide catheter (not shown in
FIG. 1).

When it is desired to exchange the indwelling catheter 10
for another, it is important that the guidewire 12 be main-
tained in its position within the patient’s artery so that it may
guide the next succeeding catheter quickly and efficiently to
the intended site in the patient’s vascular system. Typically,
the clearances between the guidewire 12 and inner lumen of
the catheter 10, coupled with the bends which the catheter
and guidewire must follow along the patient’s vascular
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system, are such that withdrawal of the catheter 10 tends to
drag the guidewire out with the catheter 10. In order to
maintain the guidewire in place while the catheter 10 is
withdrawn, it is necessary to hold the guidewire 12 by its
proximal end 16 while withdrawing the catheter 10 over the
guidewire 12. That has presented some difficulty because the
proximal extremity 16 of a conventional guidewire only
protrudes beyond the proximal end 18 of the catheter by an
amount that is substantially less than the length of the
catheter 10. Therefore, it has been necessary to resort to use
of the systems and techniques discussed above in order to
perform a catheter exchange.

FIG. 2 illustrates the proximal (at the left) and distal (at
the right) ends of a conventional over-the-wire catheter with
the ends of the guidewire protruding out of the correspond-
ing ends of the catheter 10. The illustrated catheter 10
includes an elongate, flexible shaft 20, formed with two
lumens 11', 13' (FIG. 2A) or 11, 13 (FIG. 2B) extending
through the shaft, one of the lumens 11 or 11' extending fully
through the length of the shaft to receive a guidewire 12 and
the other 13 or 13' to communicate between the proximal
end of the catheter and a dilatation balloon 22 mounted at the
distal end of the catheter. The distal end of the guidewire
lumen 11 or 11' terminates in an outlet orifice 23 through
which the distal end of the guidewire 12 protrudes. The
inflation lumen 13 or 13' terminates within the balloon 22
and serves to communicate inflation medium (typically a
radiopaque liquid) to and from the balloon 22 to effect
inflation or deflation. The catheter shaft 10 may be formed
from a variety of conventional polymers used to form
catheter shafts, polyethylene and nylon being among the
more common materials. The catheter shaft 20 may be of
any conventional construction such as, for example, an
extruded two lumen shaft (FIG. 2A) or a pair of coaxial
tubes 15, 7 (FIG. 2B) in which the inner tube defines the
guidewire lumen 11. The material from which the catheter
shaft is formed and which defines the guidewire lumen,
should have sufficiently low frictional characteristics so as to
cooperate with the guidewire to enable the catheter shaft to
easily slide over the guidewire in the practice of the inven-
tion. The outer surface of the guidewire 12 may be coated
with a material to enhance its lubricity, such as Teflon,
hydrophilic or other materials commonly used for such
purpose.

The proximal end of the catheter includes a bifurcate
fitting 24 which joins a guidewire leg 26 and an inflation leg
28 to the catheter shaft 20 to communicate, respectively,
with the guidewire and inflation lumens 11, 13. The inflation
leg 28 has a fitting 29 at its proximal end that may be
connected to a source of pressurized inflation medium. A
similar connector fitting may be attached to the proximal end
of the guidewire leg 26.

The operation and function of a conventional over-the-
wire catheter and guidewire is well known to those familiar
with the art. Should it be desired to effect a catheter
exchange, one common approach is to use an extension wire
that can be attached to the proximal end of the guidewire so
that the total overall length of the guidewire and extension
wire (not shown) may be of the order of 300 ¢cm long. The
additional effective length, as compared to the conventional
guidewire length is represented by the phantom line 32 in
FIG. 1. The length of the extended guidewire is such that its
free proximal end 34 is spaced from the proximal end of the
guide catheter by a distance that is greater than the length of
the operating (dilatation) catheter. Consequently, a portion
of the guidewire or extension always is exposed and can be
grasped by the physician to maintain the position of the
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guidewire as the catheter exchange is performed. Such a
guidewire extension system is disclosed, for example, in
U.S. Pat. No. 4,917,103 issued Apr. 17, 1990.

FIG. 3 illustrates the proximal ends of each of the guide
catheter 36, the dilatation catheter 10 that is received within
the guide catheter 36, and the guidewire 12 that is received
within the guidewire lumen of the dilatation catheter 10. In
accordance with one embodiment of the invention, the
proximal portion of the guidewire 12 may be provided with
a segment that is deformed to a non-linear configuration. In
the illustrative example of FIG. 3, the non-linear configu-
ration may take the form of a curved segment 38 as
compared to the otherwise linear (generally straight) con-
figuration of the proximal end of the guidewire illustrated in
FIG. 2. Although in the immediately following description,
the curved segment 38 will be described as having been
deformed inelastically, it should be understood that the
invention also may be practiced with guidewires in which a
proximal segment of the guidewire is deformed elastically to
its non-linear configuration.

The guidewire may be constructed in any of a number of
configurations well known in the art. For example, for a
guidewire intended for use in percutaneously transluminal
coronary angioplasty, it may be desirable to embody a
steerable guidewire construction such as that disclosed in
U.S. Pat. No. 4,545,390 (Leary). Such steerable guidewire is
characterized by an elongate flexible shaft, typically formed
from metal, such as stainless steel, that is longitudinally
flexible yet displays a degree of torsional rigidity that
enables rotation applied to the proximal end of the guidewire
to be transmitted controllably to the distal end of a guidewire
that protrudes distally beyond the distal end of the catheter.
Although the guidewire is longitudinally flexible, it never-
theless is stiffer than the catheter with which it is used.
Guidewires used in coronary angioplasty commonly have a
shaft of a diameter of between about 0.012 to about 0.018
inches diameter, with 0.014 inch diameter being most com-
monly used. The non-linear segment 38 should be formed
far enough from the free proximal extremity of the
guidewire to leave a proximal tail 39 sufficiently long so that
the proximal extremity of the guidewire will be exposed
proximally of the guidewire leg 26 when the non-linear
segment 38 is disposed distally of the bifurcate fitting 24 and
within the catheter shaft 20. By way of example, for use with
nearly all commercially available coronary angioplasty
catheters, a proximal tail segment of the order of twenty-five
centimeters long should be sufficient to enable placement of
the non-linear segment within the catheter shaft 20, while
still maintaining an exposed end of the guidewire. Other
guidewire constructions, of course, may be employed, as
long as a proximal segment of the guidewire is capable of
defining and assuming a non-linear configuration. As
described in further detail below, that may be accomplished
by deforming the proximal end of the guidewire itself either
elastically or inelastically or by attaching a non-linear seg-
ment to the proximal end of a guidewire.

FIG. 4 is an illustration of one embodiment of a non-linear
segment formed permanently (i.e., inelastically) in the
proximal region of the guidewire. The shape of the non-
linear segment 38 shown in FIG. 4 includes a transversely
displaced portion extending over a length L of about 8
centimeters and having a height H, that is, displaced from
the longitudinal axis of the guidewire, of about 1.5 centi-
meters. Although the length L and height H may be varied,
preferably the ratio of the length L to the height H should be
no more than about ten. The non-linear segment 38 may
define three or more bends as shown in FIG. 4 which shows,
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in solid line, an arrangement in which there are four such
bends indicated at 41, 43, 45 and 47. The segment between
bends 43 and 45 may be substantially straight or may itself
be curved, as indicated in phantom at 49, in which case the
non-linear segment would have three curves (see also FIG.
16). When the non-linear shape includes a plurality of bends,
at least two adjacent bends should be provided with a reverse
curvature, as the successive bends 41, 43. It should be
understood, however, that non-linear shapes other than those
illustrated in FIGS. 4 and 16, but with modified dimensions
and geometries, may be employed, depending on the fric-
tional and stiffness characteristics of the catheter and
guidewire. It may be noted that, depending on the frictional
and stiffness characteristics of the particular catheter and
guidewire in use, the invention may be practiced by provid-
ing only a single permanent bend adjacent the proximal
region of the guidewire. It may be desirable, when employ-
ing a single permanent bend, to restrain that non-linear
segment in a configuration in which one or more portions of
the guidewire adjacent the permanent bend is (are)
restrained in a non-linear curve or bend which is not
permanent (i.e., which is elastically deformed).

The guidewire may initially have a linear proximal end
(as in FIG. 2) but, when it is desired to perform a catheter
exchange, a segment of the proximally protruding portion of
the guidewire then is provided with the desired non-linear
configuration illustrated in FIG. 3. The non-linear configu-
ration may be formed, by deforming the guidewire and is
permanent in the sense that the deformed portion of the
guidewire will remain in the non-linear shape in the absence
of external stress. The non-linear configuration should be
selected so that it can be disposed within a holding device
that defines a path through which the non-linear guidewire
shape cannot be readily drawn. That path may be non-linear
and may correspond to the shape of the nonlinear portion of
the guidewire. As will be described, the relative flexibility of
the catheter shaft and the guidewire are such that the catheter
shaft can be drawn through the path defined by the holding
device while the guidewire cannot. Thus, the cooperation
between the holding device, the non-linear guidewire seg-
ment and the flexible catheter shaft enable the catheter to be
pulled through the holding device while the holding device
maintains the guidewire in position.

FIG. 11 illustrates, diagrammatically, one type of holding
device 40 that may include a body 42 formed to define a
pathway, shown in phantom at 44, having a configuration
through which the non-linear portion 38 of the guidewire
cannot readily pass but through which the more flexible
catheter shaft 10 can pass easily. The holding device may, as
illustrated, be formed in a tubular configuration and prefer-
ably is sufficiently rigid to hold its shape as the catheter is
drawn therethrough. The holding device includes a means to
enable the device to be placed about the catheter shaft 20. In
the embodiment illustrated in FIG. 11, that means may take
the form of a simple side slot 46 that provides transverse
access to the internal pathway 44. The holding device 40
may be formed from a suitably rigid plastic and should be
constructed so that it will permit the flexible catheter shaft
to be drawn through the holding device 40 while presenting
resistance to longitudinal movement of the less flexible
guidewire 12 relative to the holding device. In order to
facilitate such relative movement, it is desirable that the
inner surface of the guidewire lumen in the catheter shaft
and the outer surface of the guidewire are such that there is
the requisite degree of lubricity between the two and suitable
coatings may be applied to enhance a low coefficient of
friction. Similarly, the drag presented by the holding device
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to catheter advancement should be maintained as low as
possible and where the drag would be presented in the form
of sliding friction, as when the holding device of FIG. 11 is
used, it may be desirable to suitably coat the inner surface
of the holding device. In a further modification, the catheter
itself may be provided with a flexible tubular sleeve 47 (FIG.
22) that has a lubricious inner surface to enable the catheter
shaft 20 to slide easily through the sleeve, even when the
sleeve 47 is in a non-linear configuration. This embodiment
may be used when the catheter shaft and included guidewire
are held and constrained in the non-linear configuration by
means that present more frictional drag on the catheter than
would be desired. The sleeve may be formed simply from a
tubular section of polyethylene (or other material having
good lubricity with the outer surface of the catheter). The
sleeve may be provided with a longitudinal side slit 49 to
facilitate attachment to the catheter shaft.

FIGS. 5-10 illustrate, sequentially and diagrammatically,
the manner in which the invention may be used in practice.
FIG. 5 illustrates a balloon dilatation catheter 10 and
guidewire 12 that have been advanced through a guide
catheter 36 (for ease of illustration only the proximal end of
the guide catheter is shown) and further illustrates the
balloon 22 in an expanded configuration in which it has
dilated a stenosis S within an artery A. The guidewire 12 will
have been preliminarily advanced through the undilated
stenosis S and then the catheter 10 will have been advanced
over the guidewire to place the balloon 22 within the
stenosis in readiness for balloon inflation. The region of the
dilated stenosis in FIG. § illustrates a condition in which a
physician may elect to perform a catheter exchange because
the balloon 22, when inflated to its maximum diameter or for
other reasons, was unable to dilate the stenosis S as fully as
may have been desired. For example, it may have been
intended to dilate the stenosis S to a diameter equal to or
slightly greater than the native inner diameter 23 of the
artery A.

In order to effect a catheter exchange in accordance with
one aspect of the present invention, a segment of the
proximally protruding linear, undeformed end of the
guidewire is inelastically deformed to a desired non-linear
configuration. The non-linear segment 38 may be formed by
directly deforming the proximal region of the guidewire 12.
As described further below, a tool may be provided to effect
the deformation. Alternately, in some cases, it may be
preferable to begin the procedure with a guidewire having a
pre-formed non-linear segment 38. In yet another
embodiment, the invention may be practiced by attaching a
short non-linear segment to the proximal end of the
guidewire.

With the proximal region of the guidewire having been
deformed to define the non-linear segment and with the
balloon of the catheter having been deflated (FIG. 6), the
catheter exchange may be effected by first withdrawing the
catheter 10 from the guide catheter 36 while grasping the
exposed portion of the guidewire 12 to maintain the
guidewire in position. The catheter is withdrawn so that the
bifurcate fitting 24 passes over the non-linear portion until
the non-linear portion of the guidewire is disposed within a
flexible portion of the catheter shaft 20. As described above,
the catheter shaft is substantially more flexible than the
guidewire. The relative flexibilities are such that the catheter
shaft can be drawn easily over and along the permanently
formed non-linear portion 38, in snake-like fashion, so that
that portion of the catheter shaft 20 assumes the non-linear
configuration (FIG. 7). As shown in FIG. 8, a holding
device, such as the device 40 illustrated in FIG. 11 then is
attached to the non-linear region of the catheter shaft and
guidewire.
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It may be noted that as the catheter shaft is withdrawn
proximally, the deflated balloon is drawn proximally out of
the stenosis toward, and possibly into, the guide catheter.
With the physician holding the holding device in place, the
catheter then can be withdrawn further proximally to with-
draw the catheter entirely out of the guide catheter 36 and
the Tuohy-Borst adapter 30 on the proximal end of the guide
catheter 36. The withdrawal of the catheter will not drag the
guidewire along with the catheter because the path through
the holding device does not permit passage of the non-linear
segment of the guidewire. Thus, the balloon catheter may be
withdrawn to the position illustrated in FIG. 9 in which the
distal end of the catheter has been withdrawn out of the
Tuohy-Borst adapter 30 and where a segment 52 of the
guidewire 12 may be reexposed. The adapter 30 then can be
tightened down securely about the guidewire to lock the
guidewire in place relative to the guide catheter and also to
reduce interim leakage of blood from the guide catheter.
Alternately, the physician may simply grip the exposed
segment 52. With the guidewire so held, the holding device
40 can be removed and the catheter can be fully withdrawn
and separated from the guidewire.

After the indwelling catheter has been completely
removed, another catheter (e.g., a catheter having a balloon
inflatable to a larger diameter than the original catheter or
one carrying a stent) is threaded onto the free proximal end
of the guidewire (FIG. 10) and is advanced along the
guidewire toward the Tuohy-Borst adapter 30. The Tuohy-
Borst adapter 30 (or the physician) will sufficiently grip the
guidewire during that catheter advancement to prevent
guidewire movement. At some point during the advance-
ment of the catheter over the guidewire, and after the flexible
shaft 20 of the catheter has advanced along and onto the
non-linear portion 38 of the guidewire 12, the holding device
40 then is reattached as illustrated in FIG. 9. With the
holding device 40 reattached, the grip on the guidewire can
be released. The physician then can hold the holding device
40 in place while continuing advancement of the balloon
catheter into the guide catheter 36. After the balloon catheter
has been advanced sufficiently so that the proximal end of
the guidewire 12 is exposed proximally of the guidewire leg
26, the holding device 40 can be detached. The balloon
catheter then can be advanced while the proximally protrud-
ing end of the guidewire is manually held to maintain
guidewire position in the artery.

From the foregoing, it will be appreciated that an over-
the-wire catheter can be exchanged for another over-the-
wire catheter without the use of exchange wires, extension
wires, rapid-exchange catheters or other relatively complex
special devices for maintaining guidewire position during
balloon catheter withdrawal or exchange.

Other configurations for the holding device may be
employed. FIG. 12 illustrates a modified device 40' similar
to that shown in FIG. 11 except that the slot 46' is disposed
at the underside of the device rather than along the side. FIG.
13 illustrates yet another configuration 40' of the device
having a general contour similar to that of FIGS. 11 and 12
but in which the slot 46' is formed along the top surface of
the device and in which a web 70 is provided beneath the
arched portion to rigidify and to facilitate holding the device.

In another embodiment of the holding device, the path
through the holding device can be defined by an arrange-
ment of rollers adapted to provide low drag on the outside
of the catheter. FIG. 14 shows one such arrangement that
includes a frame 74 to which a plurality of guide rollers are
rotatably mounted and which cooperate to define the non-
linear path. At least three such rollers are provided, includ-
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ing a main roller 76 and a pair of secondary rollers 78.
Preferably an additional pair of end rollers 80 are provided.
The rollers are spaced and oriented to prevent movement of
the non-linear portion of the guidewire 12 while permitting
advancement of the flexible catheter shaft 20. The arrows on
the rollers in the drawing indicate their direction of rotation
when the catheter is advanced through the device. Each of
the rollers 76, 78, 80 preferably has a grooved periphery 82
that is receptive to the catheter to retard inadvertent disen-
gagement of the catheter and guidewire from the fixture. The
portion of the catheter shaft 20 that contains the non-linear
portion of the guidewire 12 can be placed easily in the
device with the catheter and guidewire being threaded
through the rollers as shown. The catheter then can be
advanced, as suggested by the arrows, with the guidewire
being enabled to pass through the non-linear path and being
retained in place.

The arrangement of rollers 76, 78, 80 may itself serve as
a device to deform a portion of the guidewire into a
non-linear configuration. To that end, the rollers may be
selected to have diameters and may be mounted on rota-
tional axes positioned and arranged so that when a linear
portion of the catheter containing the guidewire is wrapped
about and through the path defined by the rollers, the bends
defined by the path will define a sufficiently short radii to
effect permanent deformation of the guidewire to a non-
linear configuration. FIG. 16 illustrates the actual permanent
bend to which a guidewire segment was deformed when
wrapped about the rollers of the device as shown in FIG. 14.
That deformed configuration may be considered to include
a main curve 77 defined by the relatively large diameter
guide roller 76 and a pair of smaller radius secondary curves
79, 81 defined by the guide rollers 78, 80. It will be
appreciated that often when the catheter and guidewire have
been threaded through the device, although the guidewire
will have been permanently deformed, it will retain some
residual elasticity so that when it is later withdrawn from the
fixture, the deformed portion may spring partially back as
illustrated in FIG. 16. Thus, a catheter containing a
guidewire may simply be threaded through a fixture having
a non-linear path defined at least in part by one or more
rollers (or equivalent path-defining elements) that also may
be spaced and arranged to effect the permanent deformation
of the guidewire to a functional non-linear shape. The
catheter and guidewire need only be placed in the fixture,
thereby simultaneously deforming and retaining the
guidewire. The catheter then can be removed over the free
proximal end of the guidewire with the guidewire being
retained in place.

The permanently deformed non-linear segment 38 may be
formed by other means. The configuration illustrated gen-
erally in FIG. 3 may be formed by a wire shaping tool such
as that shown diagrammatically in FIGS. 17 and 18. The
shaping tool may be in the form of a scissors-like arrange-
ment having a pair of handles 83, 85 connected at a pivot 87
that open and close a pair of jaws. One of the jaws includes
a female die 89 and the other includes a mating male die 91,
the dies being shaped as suggested diagrammatically in FIG.
18 to deform the wire into the desired shape.

FIG. 19 illustrates another embodiment of a holding
fixture having an arrangement of guide rollers similar to that
shown in FIG. 14 but in which the base is formed as two
slidably connectible sections 92, 94 that carry the guide
rollers so that they can be separated to allow insertion of a
portion of a catheter and included guidewire. The sections
92, 94 then can be closed together as suggested by the arrow
90, to cause the rollers to engage and bend the catheter 20
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and guidewire 12 sufficiently to deform the guidewire to the
non-linear configuration and then to retain the guidewire in
that configuration as the catheter is withdrawn. To that end,
each of the slidably mateable sections 92, 94 carries some of
the guide rollers of the array. The sections may be slidably
connected for movement toward and away from each other
by tongues 96 formed on one section 92 and receptive
grooves 98 formed on the other section 94. The section 92
may be provided, for example, with three rollers, including
a main guide roller 76' and a pair of laterally spaced outer
rollers 80'. The other section 94 may include a pair of
laterally spaced secondary rollers 78'. The other section 94
has a cut-out portion 100 to enable the main guide roller 76'
and the minor guide rollers 80' to be advanced transversely
beyond the secondary rollers 78' to a configuration as shown
in FIG. 14. The rollers and frame sections are arranged so
that when the frame sections are brought together, the array
of rollers will cooperate to define the desired non-linear
path. Thus, a section of a catheter shaft with the guidewire
extending therethrough can be located along and between
the two sections. As the sections are brought together, the
catheter and included guidewire is engaged progressively by
the guide rollers and when the parts have been brought fully
together, they may simply be held together by the physician
while the catheter is withdrawn. It should be understood that
the foregoing is for illustration only and although the device
is described as using an array of five guide rollers, in some
instances, fixed guide pins or other functionally equivalent
path-defining members may be used instead of rollers.
Guidewires most commonly are formed from stainless
steel which has proved to provide an excellent compromise
of the various characteristics desirable in a guidewire. Stain-
less steel wire is biocompatible, flexible, yet can be con-
structed in a guidewire that displays a high degree of
torsional rigidity so that the distal end of the guidewire can
be controllably steered from the exposed proximal end of the
guidewire. Although the present invention can be practiced
with a conventional guidewire having a stainless steel shaft,
it may be desirable, in some instances to provide a more
secure grip on the non-linear portion of the guidewire that
can be achieved, in a permanently deformable material by
using a material having a higher modulus of elasticity than
stainless steel. To that end, the guidewire may be formed to
include a proximal section formed from wire having a higher
modulus of elasticity, such as from tungsten or a tungsten
alloy wire which has a modulus of elasticity of the order of
45,000,000 p.s.i. as compared to about 29,000,000 p.s.i. for
stainless steel. Although having a higher modulus of
elasticity, the non-linear shape to which it will be deformed
will present sufficient strain to effect a permanent distortion
in the tungsten wire. Having been formed from a material
with a higher modulus of elasticity, the non-linear segment
will be stiffer, will have greater resistance to further defor-
mation and will present greater resistance to being pulled out
from the holding device as the catheter is withdrawn. The
use of a higher modulus material for the proximal end of the
guidewire enables the catheter to be stripped through the
holding device at a faster rate than with a less stiff non-linear
portion as stainless steel. In this embodiment of the
invention, the proximal portion of the guidewire may be
formed from a tungsten segment having the same diameter
as the rest of the guidewire. The high modulus segment
should be longer than the distance between the catheter
bifurcate 24 and the proximal end of the guidewire tubular
segment 26. It should be longer than that by an amount
slightly greater than the length of the non-linear segment 38
in order to assure that the proximal end of the guidewire will
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be exposed at the proximal end of a catheter until the
non-linear segment is disposed within a sufficiently flexible
portion of the catheter shaft. A length of about twenty-five
to thirty-five centimeters should be enough to accommodate
most commercially available catheters.

FIG. 20 illustrates a connection between the distal end of
a proximal guidewire segment having a modulus different
than the modulus of the proximal end of the guidewire. The
ends 110, 112 of the different modulus wires 114, 116 may
be reduced to fit within the opposite ends of a length of
hypotubing 118. The parts may be secured together by a
suitable adhesive, such as a cyanoacrylate adhesive. The
connection may be used with a proximal guidewire segment
having a greater modulus of elasticity than the more distal
portions of the guidewire (as in the example described
above) or to attach a proximal guidewire segment having a
lesser modulus than the more distal sections, such as by the
use of a lower modulus superelastic alloy.

In some instances, it may be desirable to practice the
invention while maintaining the proximal end of the wire in
its original linear configuration, that is, without deforming
the guidewire. That mode of operation may be achieved by
providing a relatively short (e.g., 25 to 35 cm) attachment
wire at the proximal end of the guidewire in which the
non-linear segment has been or can be formed. One such
device is illustrated in FIG. 21 which illustrates the attach-
ment wire 120 having a connector element 122 (124) at one
or both of its ends. The connectors 122 (124) are selected to
be connectible to the proximal end of a compatible com-
mercially available guidewire having a mating connector
element used to connect guidewire extensions. Illustrations
of such guidewire-to-extension wire connection may be
found in U.S. Pat. Nos. 4,827,941 (Taylor et al.), 5,113,872
(Jahrmarkt et al.) and 5,133,364 (Palermo et al.), the dis-
closures of which are hereby incorporated by reference
herein, in their entireties. In the illustration, connector
element 122 is meant to suggest the Palermo device and 124
the Taylor device. The attachable segment preferably is
formed from a high modulus material such as a tungsten
alloy.

It also should be appreciated that even with a permanently
deformed nonlinear segment formed in the guidewire, the
guidewire, if embodying a steerable construction (such as
disclosed in U.S. Pat. No. 4,545,390) will still maintain its
steerability. The guidewire may be steered from a location
distal of the non-linear segment or from a portion of the
non-linear segment itself, or even from a location along the
proximal tail. Guidewire torquing devices, connectible to the
guidewire well known in the art, may be used to facilitate
steering.

From the foregoing, it will be appreciated that the inven-
tion provides a simple and easy to use technique and
apparatus for removing an over-the-wire catheter from a
patient while maintaining the position of the guidewire. The
invention achieves this objective without the use of
exchange wires, long extension wires, rapid-exchange cath-
eters or other supplemental connectors between the guide
catheter and the guidewire. The invention may be practiced
with presently available standard length guidewires.

As mentioned above, the invention may be practiced by
providing a permanently deformed non-linear segment on
the guidewire or, depending on the stiffness and frictional
characteristics of the guidewire and catheter, may be prac-
ticed without permanent deformation of the non-linear seg-
ment. In particular, it should be noted that a number of
guidewires have been proposed and developed that are
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highly resistant to permanent deformation, including
guidewires having a shaft formed from a superelastic alloy.
One such alloy that has been proposed and used has been an
alloy of nickel and titanium (nitinol). Guidewires embody-
ing such superelastic characteristics are disclosed in a num-
ber of U.S. patents such as U.S. Pat. Nos. 4,925,445 issued
May 15, 1990 and 5,243,996 issued Sep. 14, 1993, among
others. Although such guidewires are highly flexible and
kink-free, they nonetheless are stiffer longitudinally than the
shaft of the catheter with which they are used. The invention
may be practiced with such guidewires by constraining the
guidewire (contained within the catheter shaft) in a non-
linear path selected to present greater resistance to advance-
ment of the guidewire along that path than is presented to the
catheter. The particular non-linear path may be determined
empirally and can be expected to vary as a function of the
variables of the materials, cross-sectional dimensions and
surface characteristics of the guidewire and the catheter as
well as any other characteristics that effect the relative
stiffness and frictional effects of the catheter and guidewire.
Thus, when the non-linear path is defined by a number of
rollers or the like, the number, location and radii defined by
the rollers can be varied to achieve the desired effect. The
non-linear path should be such as to enable the catheter to be
drawn along that path but to resist advancement of the
guidewire.

FIG. 23 illustrates, somewhat diagrammatically, an
arrangement of seven rollers R1-R7 that were used to enable
a two lumen polyethylene catheter shaft 20 that contained a
nitinol guidewire 130 (0.0137 inch diameter) in a manner
that enabled the catheter shaft 20 to be withdrawn over the
nitinol guidewire 130 while the guidewire remained station-
ary. In this embodiment it was found that seven rollers were
required to define a more extensive serpentine-like, non-
linear path than that which was found to be required when
using a permanently deformed guidewire. Nonetheless, the
array of seven rollers, including a relatively large main roller
R-4 flanked by a plurality of smaller diameter rollers, or
equivalent effectively constrained the guidewire without
permanently deforming the guidewire yet which enabled the
catheter to be stripped off of the guidewire. The outer surface
of the guidewire was uncoated. Thus, the invention may be
practiced by defining a non-linear path in which the catheter
and included guidewire may be constrained to be either
elastically or inelastically deformed. The precise configura-
tion of the path will depend on the material and dimensions
of the guidewire and catheter shaft.

It should be understood that the foregoing description of
the invention is intended merely to be illustrative thereof and
that other embodiments, modifications and equivalents may
be apparent to those skilled in the art without departing from
its spirit and principles.

Having thus described the invention, what we desire to
claim and secure by Letters Patent is:

1. An elongate, substantially linear guidewire for use with
a catheter, the guidewire comprising a free proximal end
that, during use, remains external of the body of a patient
into which the guidewire is inserted, a distal end, and a
non-linear segment formed in the wire adjacent its proximal
end, the non-linear segment including at least one permanent
bend having at least a portion thereof displaced transversely
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from the longitudinal axis of the guidewire by a distance that
is substantially greater than the diameter of the guidewire.

2. A guidewire as defined in claim 1 wherein the non-
linear segment is defined by at least two bends formed in the
guidewire.

3. A guidewire as defined in claim 2 wherein said at least
two bends extend in reverse directions.

4. A guidewire as defined in claim 2 in which there are at
least three bends arranged sequentially to be in successively
reverse directions.

5. A guidewire as defined in claim 1 wherein the non-
linear segment extends over a defined length and has a
defined height, the ratio of the length to the height being no
more than about ten.

6. A guidewire as defined in claim 1 wherein the non-
linear segment is formed from a material having a different
modulus of elasticity than the material from which the more
distal portions of the guidewire shaft are formed.

7. A guidewire as defined in claim 6 wherein the non-
linear segment is formed from a metal that includes tung-
sten.

8. A guidewire as defined in claim 1 wherein the
guidewire comprises a shaft and where the non-linear seg-
ment is formed directly in the guidewire shaft.

9. A guidewire as defined in claim 1 wherein the
guidewire is steerable.

10. A guidewire as defined in claim 9 wherein the
guidewire comprises a percutaneous transluminal coronary
angioplasty guidewire.

11. A guidewire as defined in claim 1 wherein the non-
linear segment includes more then one permanent bend.

12. A guidewire as defined in claim 1 wherein said at least
one permanent bend defines an included angle of between
about 90° and 140°.

13. An attachment wire for the proximal end of a
guidewire comprising:

a length of wire substantially shorter than the length of the
guidewire, and a connector on at least one end of the
attachment wire for connection to the proximal end of
the guidewire, the attachment wire being deformable to
have a non-linear segment.

14. An attachment as defined in claim 13 further com-

prising a connector on each end of the wire.

15. An attachment wire as defined in claim 14 wherein the
connectors are of different construction.

16. An attachment wire as defined in claim 13 wherein the
attachment wire has a non-linear segment formed therein.

17. An attachment wire as defined in either one of claims
15 or 16 wherein the wire has a proximal extremity and the
non-linear segment is disposed distally of the proximal
extremity of the attachment wire thereby to define a proxi-
mal tail segment of the attachment wire.

18. An attachment wire as defined in claim 13 wherein the
wire is formed from a material having a higher modulus of
elasticity than that from which the guidewire to which it is
to be attached is formed.

19. An attachment wire as defined in claim 13 further
comprising in combination. said guidewire connected to the
attachment wire at the proximal the guidewire.
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