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A radiation source (24) for inhibiting restenosis including a radiation delivery tube (20) having a radioactive distal region (24), the
tube (20) being adapted to slide over a core wire (28) within a radiation delivery catheter (42). The core wire (28) is preferably in a slidable
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the radiation delivery tube (20) and help center the radiation delivery tube (20) within the vessel to provide a more even radiation exposure
to the vessel walls.
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CATHETER SYSTEM HAVING TUBULAR RADIATION

SOURCE WITH MOVABLE GUIDE WIRE
FIELD OF THE INVENTION

The present application is related to medical
devices and methods for inhibiting restenosis in blood
vessels. Specifically, the present invention is
related to intravascular catheters utilizing a tubular
member having a distally disposed radiation source over
a core wire and methods of their use. .

BACKGROUND OF THE INVENTION

Intravascular diseases are commonly treated by
relatively non-invasive techniques such as percutaneous
transluminal angioplasty (PTA) and percutaneous
transluminal coronary angioplasty (PTCA). These
therapeutic techniques are well known in the art and
typically involve use of a guide wire and a balloon
catheter, possibly in combination with other
intravascular devices. A typical balloon catheter has
an elongate shaft with a balloon attached proximate to
its distal end and a manifold attached to the proximal
end. In use, the balloon catheter is advanced over the
guide wire such that the balloon is positioned adjacent
a restriction in a diseased vessel. The balloon is then
inflated and the restriction in the vessel is opened.

Vascular restrictions that have been dilated
do not always remain open. In approximately 30% of the
cases, a restriction reappears over a period of months.
The mechanism of this restenosis 1is not fully
understood. The mechanism is believed to be different
from the mechanism that caused the original stenosis.
It is believed that rapid proliferation of vascular
smooth muscle cells surrounding the dilated region may

be involved. Restenosis may be in part a healing
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response to the dilation, including the formation of
scar tissue.

Intravascular radiation, including thermal,
light and radiocactive radiation, has been proposed as a
means to prevent or reduce the effects of restenosis.
For éxample, U.S. Patent No. 4,799,479 to Spears
suggests that heating a dilated restriction may prevent
gradual restenosis at the dilation site. 1In addition,
U.S. Patent No. 5,417,653 to Sahota et al. suggests that
delivering relatively 1low energy 1light, following
dilatation of a stenosis, may inhibit restenosis.
Delivery of radioactive radiation has been proposed as
a means to prevent or reduce the effects of restenosis.
Dake et al. suggest delivering radiation within the
distal portion of a tubular catheter. Fischell, in'the
publication EPO 0 593 136 Al, suggests placing a thin
wire having a radioactive tip near the site of vessel
wall trauma for a limited time to prevent restenosis.
Problems exist in attempting to provide uniform
radiation exposure using a point or 1line source.
Specifically, as the radiation varies inversely with the
square of distance for a point source and inversely with
distance for a line, a source laying off center near one
vessel wall may significantly overexpose the nearby wall
while underexposing the further away wall. This 1is
egspecially critical for beta radiation which is absorbed
by tissue and blood at a relatively short distance from
the source.

Use of continuous centering balloons having a
beta radiation source within has been suggested, but may
allow the radiation source to "warp" when placed across
curved vessel regions, allowing the balloon to bend but
having the central radiation source lying in a straight

line between the two ends.
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What remains to be provided is an improved
apparatus and method for delivering uniform radiation to
vessel interiors to inhibit restenosis.

SUMMARY OF THE INVENTION

The present invention includes a radiation

source which can be used to inhibit restenosis of blood
vessels, the source having a tubular radiocactive distal
region adapted to slide over a radiation source guide
wire or core wire. In all embodiments, the radiation
source guide wire or core wire extends within a lumen
that extends over substantially the entire length of a
delivery cathetexr. The core wire further extends out
the proximal end of the delivery catheter a sufficient
distance or 1length to thread the tube or radiation
source thereon. '

One radiation source includes a tubular body
having a lumen the entire tube length, which can be used
with a radiation source guide wire extending proximally
out of the proximal end of a delivery catheter for at
least the length of the tube to facilitate exchanges.
Another source includes a tubular body having a lumen
the entire tube length but having a first guide wire
port on its distal end and a second guide wire exit port
a short distance proximal of the distal end, allowing
the use of a shorter radiation source guide wire
extending proximally from the proximal end of the
delivery catheter to thread the tube thereon.

Yet another  source includes a short
radioactive, tubular distal member disposed at the end
of a shaft with the short distal tubular member having
a distal and proximal opening for threading over the
radiation source guide wire, again allowing the use of
a radiation source guide wire which extends a short

distance proximally out the proximal end of the delivery
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catheter to thread the tubular radiation source lumen
thereon. The tubular body could also be of a two-piece
construction with the short distal radiation portion
detachable from a long proximal segment.

_ Still another radiation source features an
elongate tubular body having a short distal radioactive
portion and a lumen the entire tube length and having a
longitudinal slot extending through the tube wall over
a portion of the length of the tubular body. The slot
extends from the proximal end of the tubular body, where
it is open to the lumen at the proximal end, to a point
proximate the radioactive portion. The slotted
embodiment allows a radiation source guide wire to be
threaded by extending the wire radially through the
slot, holding the core wire position constant, while
advancing the tube into the catheter and patient,
thereby threading the entire tube while requiring the
core wire to extend proximally from the proximal end of
the delivery catheter a short distance about equal to
the non-slotted length of the tubular body.

The tubular body can be formed of Nitinol. In
a preferred embodiment, the elongate tubular body having
the distally disposed radioactive source includes a
plurality of cutouts or openings through the tubular
wall in a distal portion thereof. The plurality of
cutouts, holes or slots extend around the circumference
of the tubular body and over a portion of the lengths
thereof, wherein the cutouts are in a selected pattern
separated by bridges of the material of the tubular
body. The cutouts provide added flexibility in the
distal portion of the tubular body which must navigate
a more tortuous path to be positioned within the
expandable balloon of the delivery catheter in a prior

stenosed region. The cutouts, holes or slots may be
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‘distributed in any selected pattern to impart such

increased flexibility. A preferred pattern includes a
generally spiral or helical pattern of cutouts having
bridges extending longitudinally between cutouts every
120 degrees. Alternatively, the distance between
cutouts can vary over the length from 90 degrees to 240
degrees. Radiation sources according to the present
invention can have radiocactive material incorporated
into the tubular material or secured to the surface of
the tubular body. In preferred embodiments, the tubular
member is made from Nitinol with a metallic radiation
source plated onto a portion of the surface thereof.

The present invention includes an inflatable
balloon delivery catheter having a closed end radiation
delivery lumen and a radiation source guide wire or core
wire within the lumen. The radiation source guide wire
or core wire can be fixed relative to the radiation
delivery lumen or slidably disposed within the radiation
delivery lumen. In one catheter, the radiation delivery
lumen can serve as the inflation lumen. Another
catheter includes an inflation lumen separate from the
radiation source delivery Ilumen. Another preferred
embodiment of delivery catheter includes a separate
radiation source lumen and a separate inflation lumen in
combination with a single operator exchange guide wire
lumen which doubles as a passive perfusion lumen during
radiation treatment.

When the core wire is not fixed or otherwise
attached to the distal end of the catheter, the core

wire may be withdrawn to a proximal position or advanced

to a distal position. In this configuration, the core

wire may be withdrawn to the proximal position,
preferably proximal of the balloon, to increase the

flexibility of the distal region of the catheter. This
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may allow the distal region of the catheter to navigate
more tortuous paths and reach more distal sites. Before
the radiation delivery tube 1is advanced into the
catheter distal region, the core wire is preferably
moved distally to the distal position where the distal
end ébuts the closed end of the radiation delivery
lumen. When the core wire 1is in the distal position,
the radiation delivery lumen in combination with core
wire may provide a structure that can be used to rapidly
advance the radiation source to the lesion site. In
addition, the core wire may help constrain lateral
movement of the radiation delivery tube and help center
the radiation delivery tube within the vessel, providing
a more even radiation exposure to the vessel walls.

The tubular radiation source and deliﬁery
catheter can be used in conjunction with a radiation
shield or wvault and a transfer tube. The wvault can
shield the radiation source when the source is outside
of the patient’s body. The transfer tube can be used to
quickly transfer the radiation source from the non-
sterile wvault into the sterile delivery catheter. A
preferred vault includes a path with multiple bends to
shield the entrance and exit of the vault.

The tubular shape of the radiation source can
provide a more even radiation exposure to vessel walls.
In particular, due to the relationship between distance
and radiation intensity, the tubular shape reduces the
amount of radiation or radioactivity need which reduces
the cost of manufacturing and disposal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a fragmentary, longitudinal cross-
sectional view of a radiation delivery tube having a

radioactive distal region disposed over a radiation
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source guide wire and disposed within a radiation

shielding vault coupled to a transfer tube;

Fig. 2 is a fragmentary, longitudinal cross-
sectional view of the vault, transfer tube, radiation
delivery tube, and radiation source guide wire of Fig.
1 couéled to a radiation delivery catheter proximal end;

Fig. 3 is a fragmentary, longitudinal cross-
sectional view of a fixed wire radiation delivery
balloon catheter having the radiocactive region of the
radiation delivery tube of Fig. 1 inserted within the
balloon;

Fig. 4 1s a schematic cross section of a
preferred catheter management system including a vault
having a tubular radiation source path therethrough
including multiple bends to shield against radiation
exposure in both a radial and longitudinal direction and
a reel assembly which contains the non-radioactive
portion of the tubular body;

Fig. 5 1is a plan view of a preferred
radiocactive tubular body construction incorporating a
guide wire slot extending from the proximal end of the
tubular body to a point proximate the radiocactive
portion of the tubular body and also incorporating a
plurality of cutouts to increase flexibility of the
distal portion of the tubular body;

Fig. 6 schematically depicts a two-piece
tubular radiation source which includes a detachable
distal portion having the radioactive source thereon and
a long proximal member for attachment thereto;

Fig. 7 is a fragmentary, longitudinal cross-
sectional view of the balloon of Fig. 3;

Fig. 8 is a fragmentary, longitudinal view of

the balloon portion of a single operator exchange
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catheter embodiment having a catheter guide wire
disposed within a distal guide wire lumen;

Fig. 9 is a fragmentary, longitudinal cross-
sectional view of a radiation delivery balloon catheter
having a radiation delivery tube disposed within an
inner tube which is in turn disposed within an outer
inflation tube;

Fig. 10 is a fragmentary, longitudinal cross-
sectional view of a delivery catheter incorporating a

separate radiation delivery lumen, a separate inflation

lumen and a combination perfusion lumen and single

operator exchange guide wire lumen;

Fig. 11 is a fragmentary cross-sectional view
of a manifold assembly for use in conjunction with the
catheter of Fig. 10 depicting the core wire extenaing
proximally from the proximal end of the manifold;

Fig. 12 is a cross section of the catheter of
Fig. 10 at line 12-12;

Fig. 13 is a cross section of the proximal
shaft portion of the catheter of Fig. 10 at line 13-13;

Fig. 14 is a cross section of an alternative
proximal shaft portion similar to that of Fig. 13
incorporating a dual lumen extrusion for the proximal
shaft;

Fig. 15 is a cross section of an alternative
proximal shaft portion similar to Fig. 13 which depicts
the use of multiple separate tubular shafts which are
bundled to form the proximal shaft portion;

Fig. 16 is a fragmentary, partial longitudinal
cross-sectional view of the distal end of a radiation
delivery balloon catheter similar to that shown in Fig.
9, but with the radiation delivery core wire slidably

disposed within the inner tube;
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Fig. 17 is a partial perspective view of a
preferred radiation delivery coil wire; and
Fig. 18 is a partial perspective view of a
preferred radiation delivery tube having a plurality of
bridges and slots formed thereon.
DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Figs. 1-3, an overall radiation

delivery catheter system, including a radiation delivery

tube 20, is schematically illustrated in various stages
of deployment. Fig. 1 depicts the radiation delivery
tube 20 asgs slidably mounted over a core wire or
radiation source guide wire 28 while the distal portion
or radioactive distal tubular region 24 remains shielded
in a vault 30 prior to insertion into a catheter for
use. Fig. 2 illustrates the radiation delivery tubé 20
as extended distally from vault 30 into the lumen of a
transfer tube 34, which in turn is connected to the
proximal end 44 of a manifold 42 of a catheter 46. Fig.
3 depicts the radiation delivery tube 20 as fully
extended distally into the catheter 46 with the distal
radiation portion 24 of the radiation delivery tube 20
disposed within the balloon 56 for treatment of a
stenotic region. It is noted that Fig. 3 depicts the
catheter 46 as a fixed wire catheter having a single
lumen. It is, however, recognized, as detailed herein,
that the radiation delivery tube 20 of the present
invention can be utilized in conjunction with other
catheter designs which incorporate a lumen with a core
wire extending therethrough and closed on the distal end
to isolate the radiation delivery tube from the
treatment site.

Now referring to Fig. 1 in more detail, Fig.
1 illustrates the radiation delivery tube or shaft 20

having a proximal region 22, a radioactive tubular
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distal region 24, and a lumen 26, disposed over a
radiation source guide wire or core wire 28. In a
preferred embodiment, proximal shaft region 22 has a
lumen therethrough. In another embodiment, proximal
shaft region 22 is solid, having no lumen. Radiation
source guide wire 28 includes a proximal end 29,
illustrated extending from radiation delivery tube
proximal region 22. Radiocactive distal region 24 is
disposed within a channel 32 within a radiation
shielding wvault 30 coupled to a transfer tube 34.
Transfer tube 34 includes a proximal coupling 36, a
distal coupling 38 (illustrated in Fig. 2) and a lumen
40 therethrough. Radiation source guide wire 28 extends
through radiation delivery tube 20, wvault 30, and
transfer tube 34. Radiation source guide wire 28.can
originate distally in the distal end of a radiation
delivery catheter 46 (illustrated in Fig. 3) and
terminate in a proximal end 27.

A tubular member having a lumen extending
through at least a distal portion thereof and a
radiation source disposed on or in a distal segment
thereof 1is the preferred device for delivery of
radiation according to the present invention.
Specifically, a tubular shaped source is preferred
relative to a point or line source. The intensity of
radiation delivered drops off exponentially with the
distance between the radiation source and target, and is
particularly affected by absorption in blood and tissue.
A tubular source has radiation emitted from the tube
walls surrounding the central axis of the tube, the
radiation sources being disposed much closer to the
target than would be sources positioned along the center
of the tube. The tube shape is similarly shaped to most

vessels being treated. The use of tubular sources

PCT/US99/04448
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allows advancing radiation sources over wires within
existing catheters, not absolutely requiring the use of
specialized devices to support delivery of a radiation
source. As the radioactive material can be closer to
the targeted vessel walls than the corresponding point
or line source, the local strength of the sources can be
less. This means less radioactivity is necessary and
the cost of manufacturing and disposal is reduced. 1In
one embodiment, tube 20 has an inside diameter of -about
0.014 inches to about 0.018 inches and an outside
diameter of about 0.0175 inches to about 0.022 inches.

A preferred diameter for radiation source
guide wire or core wire 28 is about 0.012 inch.
Radiation source guide wire 28 can be formed from
materials well known to those skilled in the art, éuch
as stainless steel or Nitinol. In all embodiments of
the invention illustrated, radiation source guide wire
28 is used to guide a radiation source slidably disposed
thereover. Preferably, radiation source guide wire 28
terminates in the catheter distal region, and is
contained in a lumen such that radiation delivery tube
20 is not in contact with bodily fluids. Contamination
of the radiation source by bodily £fluids is thus
avoided. This allows for re-use of the radiation source
in multiple patients.

Radiation delivery tube 20 can be formed from
polymeric or metallic materials. Suitable polymers can
include polyesters, polyamide or polyether block amides
(PEBA) . Suitable metals include stainless steel and
Nitinol. Radiation delivery tube lumen 26 extends
through the entire tube length in some embodiments. In
other embodiments, tube 20 has a short lumen extending
only through a distal tube region, having a proximal

port in the distal region. This port allows radiation
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source guide wire proximal end 27 to be threaded through

the short lumen portion, not requiring a radiation
source guide wire extending proximally out of the
proximal end of the delivery catheter at least a
distance equal to the length of the radiation delivery
tube. | In embodiments having a lumen extending the
entire length of tube 20, the radiation source wire must
extend for at least this length from the proximal end of
the catheter to allow for threading of the lumen without
losing control of the wire.

As depicted in Fig. 5, radiation delivery tube
20 can include a longitudinally extending slot 120 which
extends from the proximal end of the radiation delivery
tube 20 to a point proximate the radiocactive fubular
distal region 24. This "slotted tube" embodiment
radiation delivery tube 20 has a lumen 26 extending the
entire length of the tube 20 and a slot 120 through the
tube wall into the lumen extending from the proximal end
of the radiation delivery tube to a point proximate the
distal portion of the radiation tube 20, with a short
distal segment remaining unslotted. In this embodiment,
the radiation source guide wire can be threaded through
the lumen 26 of the short unslotted segment, extending
transversely through the distal most portion of the
slot. As the radiation delivery tube is advanced
distally, the radiation source guide wire or core wire
fits radially through the slot into the lumen causing
the entire wire to ultimately lie within the lumen when
the delivery tube is fully advanced. In yet another
embodiment, radiation delivery tube 20 includes a solid
proximal radiation delivery shaft, with only the distal
region having a lumen with proximal and distal openings

to accept a wire.
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As previously stated, the radiation delivery
tube 20 can preferably be formed of Nitinol. As
depicted in Fig. 5, the distal portion 122 of the
radiation delivery tube 20 preferably includes a
plurality of cutouts or openings 124 through the tubular
wall in that distal portion. The plurality of cutouts,
holes or slots extend around the circumference or a
portion of the circumference of the radiation delivery
tube in spaced arrangement over a portion of the length
thereof. The cutouts are in a selected pattern
separated by bridges 126 of the Nitinol material of the
tubular member. These cutouts 124, in conjunction with
the bridges 126, provide added flexibility in the distal
portion of the radiation delivery tube 20. This assists
in allowing the radiation delivery tube 20 to naviéate
the more tortuous path to the stenosed region. Although
it is recognized that many patterns of cutouts, holes or
slots may be utilized to impart the increased
flexibility, a preferred pattern includes a generally
spiral or helical pattern of cutouts having bridges
extending longitudinally between cutouts every 120
degrees.

Referring now to Fig. 18, a preferred
radiation delivery tube 20 is depicted. As with the
embodiment of Fig. 5, the plurality of slots 124 extend
around the circumference or a portion of the
circumference of the radiation delivery tube in spaced
arrangement over a portion of the length thereof. The
cutouts are in a selected pattern separated by bridges
126. 1In the preferred embodiment of Fig. 18, the slots
and bridges extend over a portion of the distal-most
portion of the radiation delivery tube 20. Preferably,
these slots and bridges extend over the distal-most 2 to

4 inches of the radiation delivery tube 20. Preferably,
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the slots extend over approximately the last 3 inches

and terminate about .030 inches from the distal end of

the radiation delivery tube 20. These slots and bridges

over this distal portion of the radiation delivery tube
are specifically designed to improve pushability,
pullability and to add some torqueability to the
radiation delivery tube 20. Further, these slots and
bridges are designed to give increasing flexibility to
the radiation delivery tube 20 from the proximal-most
slot to the distal-most slot by decreasing the frequency
of bridges thereon. In a preferred embodiment, the
slots are spaced axially over the length of the catheter
at a spacing of about .01 to about .02 inches with a
preferably space between slots of about .012 inches.
Further, the bridges begin at the proximal portioh of
the slotted portion of the radiation delivery tube at a

frequency of one bridge every 90° with a 15° increase

every full turn around the tube. When the bridges are

240° apart, the spacing of the bridges around the
outside of the radiation delivery tube 20 are maintained
constant to the distal end. The table below indicates
the bridge 1locations based on the above-described
preferred design. The bridge location data begins with
0 at the proximal-most portion of the first slot and
continues increasing with distance traveled around the
tubular member with 360 constituting a complete
revolution. The angle between bridges is that distance
between bridges defined in the angle traveled from one
bridge to the next bridge around the tubular member.
The revolutions around the shaft define the bridge
locations beginning at 0 where the first slot beings on

the proximal-most portion of the shaft and increases

based on cumulative revolutions from that point.

Table 1

PCT/US99/04448
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Bridge Angle Between | Revolutions Around
Location Bridge Shaft
0 0
90 90 0.25
180 90 0.5
270 90 0.75
360 90 1.0
450 105 1.25
555 105 1.54166667
660 105 1.83333333
765 105 2.125
870 120 2.41666667
990 120 2.75
1110 120 3.08333333
1230 135 3.41666667
1365 135 *3.79166667
1500 135 4.16666667
1635 150 4.54166667
1785 150 4.,95833333
1935 165 5.375
2100 165 5.83333333
2265 180 6.29166667
2445 180 6.79166667
2625 195 7.29166667
2820 195 7.83333333
3015 210 8.375
3225 210 8.95833333
3435 225 9.54166667
3660 225 10.1666667
3885 240 10.7916667

Referring now to Fig. 6, an alternative two-
piece embodiment of radiation delivery tube 20 1is
depicted. The two-piece embodiment includes a proximal
member 130, which is releasably securable to a distal
member 132. When attached together, the two members
130, 132 form the complete tubular radiation source 20,
which can be utilized as previously described. In one
preferred embodiment, as depicted in Fig. 6, the
proximal member 130 includes a portion of reduced
outside diameter 134. The distal member 132 includes a
region 136, having a reduced diameter lumen. The

reduced diameter lumen 136 illustrated in Fig. 6 1is
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formed by cutting partial radial slots 138, 140 in
spaced relation about equal to the length of the reduced
diameter portion 134 of the proximal member 130. A slot

142 is cut longitudinally between the radial slots 138,

140. This forms two wings 144 from the wall material,

which may be bent inwardly toward the center of the
lumen, to form a portion of reduced diameter in the
lumen. In this way, the reduced diameter portion 134 of
proximal member 130 can be snap fit into the reduced
lumen diameter portion of the distal member 132. The
two-piece tubular member 20 design can be particularly
useful with the radiation source disposed only on the
distal member 132. In this way, the radiation
containing member can be stored or shielded separately
from the overall device.

As previously discussed with respect to Fig.
1, the radioactive portion of the radiation of the tube
20 is stored within a vault 30 prior to actual use in
order to shield personnel from exposure. Fig. 4
illustrates a preferred design for a radiation tube 20
storage and handling device 150. First, the wvault
assembly 30 includes a lumen 32 which extends through
the wvault having a path which incorporates multiple
bends or offsets 152. As depicted, the multiple bends
or offsets provide shielding for personnel both in the
radial and longitudinal directions when the radioactive
distal portion 24 is disposed within the central cavity
151 of the wvault 30. As also depicted in Fig. 4, the
storage and delivery system can include a reel assembly
154 which is fixedly secured to the vault 30 proximal
thereof. The reel assembly 154 can be utilized to
manage the proximal or non-radioactive portion of the
tubular radiation source 20. It can thus be used for

storage, but also for advancing and retracting the

PCT/US99/04448
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tubular radiation source 20. Thus, the overall unit can
be utilized to transfer or transport the assembly while
always maintaining the radioactive distal portion 24
within the central cavity 151.

_ A preferred source of radiation to be used
with the present invention 1is a ruthenium/rhenium
source, in parﬁicular Ru/Rh, . This source 1is
particularly useful in conjunction with a Nitinol
radiation delivery tube as it can be plated onto the
exterior surface of a distal portion of the radiation
tube 20. This source decays with a half-life of 1.02
years, with low energy beta emissions and minor gamma

emissions to Rhodium,g. Rhodium,,, emits high energy

beta radiation with a half life of 29.8 seconds and

decays into stable Palladuim,,. An alternative source
of radiation for all embodiments of the present
invention is the radiocactive compound Nickel-66.
Nickel-66 decays with a half life of 2.28 days with only
low energy beta emissions and no gamma emission into its
daughter element Copper-66. Copper-66 then emits high
energy beta radiation with a half life of 5.10 minutes
and decays into the stabile element Zinc-66. This two-
step decay has a particular advantage in use in the
catheters of the present invention.

The Nickel-66 acts as a carrier for the high
energy copper decay allowing for time to transport the
source to the end user, and also allows for disposal of

the device through ordinary means in about 23 days. A

‘Copper-66 source alone would decay quickly and not be

useful without the parent Nickel. Nickel is low cost

and has desirable mechanical properties in its pure form

and in alloys, such as a Nickel Titanium alloy.
Another preferred radiation source is

Gadolinium-153. Gadolinium-153 is a composite gamma
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source which can provide low energy gammas to vessel
intima layer while providing higher energy gammas to
penetrate calcified plaques and reach the adventitia.
Moderate shielding can be used with Gadolinium-153,
allowing the treating physician to remain in the room
with the patient during therapy. Another preferred
source of radiation can include Yttrium-90, a high
energy beta emitter.

The above mentioned sources and -other
sources could be incorporated into the radiation
delivery tube. In one embodiment, radioactive materials
are admixed with polymeric materials and extruded as
part of the tube. In another embodiment, radioactive
materials are adhesively secured to the tube distal
region. In yet another embodiment, radioactive material
is included in wire form and wound around the tube
distal region. The length of the tube radiocactive
distal region can be sized to approximate the length of
the stenosis to be treated.

Referring again to Fig. 2, distal coupling 29 on
vault 30 is mated to proximal coupling 36 on transfer
tube 34, and a distal coupling 38 on transfer tube 34 is
mated to a proximal end 44 of a radiation delivery
catheter 42. Radiation source guide wire 28 1is
illustrated extending from catheter 42. Transfer tube
34 serves to transfer radioactive tube region 24 from
vault 30 into catheter 42. Transfer tube 34 can reduce
the chance of damage to radiation delivery tube distal
end 24 caused by entering catheter proximal end 44 while
off-center.

Referring again to Fig. 3, a fixed wire
radiation delivery balloon catheter 46 is illustrated,
having a tubular shaft 48 defining a lumen 50 within.

Catheter 46 includes a distal region 52 and a distally
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disposed inflatable centering balloon 54. Balloon 54
includes a balloon envelope 56 which defines generally
a balloon interior 58 and an exterior 61. Catheter 46
terminates in a distal end 59 which is sealed to prevent
entry of bodily fluids into catheter lumen 50 and exit
of inflation fluid from lumen 50. Balloon interior 58
is thus not in fluid communication with balloon exterior
61. In a preferred embodiment, a distal coil 60 forms
the distal most portion of catheter 46.

In a preferred embodiment, balloon 54 is a
multi-waisted centering balloon having a plurality of
lobes or segments 57 as illustrated in Fig. 3. Balloon
segments 57 in one embodiment are formed from a series
of balloon tubes adhesively secured together. In
another embodiment, balloon segments 57 are formed by
blow molding. In this embodiment, balloon segments 57
can be spaced about 2 to 5 millimeters apart. In yet
another embodiment, balloon segments are formed by
spirally winding at least one inflatable tube about the
catheter longitudinal axis.

Balloon 54 1is preferably multi-waisted to
provide improved centering capabilities. When a balloon
carrying a tube within lies in a curved vessel passage,
the balloon may have an arcuate shape conforming to the
vessel, while the tube lies along a straight line
joining the balloon ends. The straight line shape can
bring the tube into very close proximity to the inside
wall of the vessel curve. This can result in radiation
overexposure and underexposure for the inside and
outside walls of the curve, respectively. Use of a
multi-waisted balloon can force the radiation tube
inside to conform to an arcuate shape through the

balloon waist centers.
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Referring now to Fig. 7, balloon 54 is
illustrated in more detail, disposed within vessel walls
62. Balloon envelope 56 includes a proximal waist 64
secured to tubular shaft 48 and a distal waist 66
secured over core wire 28. In one embodiment, balloon
waisté 64 and 66 are secured with adhesive or solvent
bonding to underlying tube 48 and core wire 28,
respectively. Radiation source guide wire 28 is secured
to balloon distal end 59 in a fluid tight manner; such
that distal fluid transfer in or out of balloon 54 is
prevented. Radiation source guide wire 28 is fixed
within balloon 54, such that wire 28 is not slidable
relative to balloon 54. The annular space in lumen 50
between radiation source guide wire 28 and tubular shaft
48 defines an inflation lumen for inflating palloon
envelope 56.

Referring now to Fig. 8, a single operator
exchange radiation delivery catheter 70 is illustrated,
having a catheter guide wire 72 disposed within a distal
guide wire lumen 74. Radiation delivery catheter 70 is
similar in many respects to fixed wire catheter 46, but
having the ability to track over a guide wire. Catheter
70 includes a distal guide wire tube 76 having guide
wire lumen 74, a proximal port 80, and a distal port 82.
In a preferred embodiment, distal guide wire tube 76
includes a ribbon coil 78 embedded within to impart
spring-like flexibility characteristics to the catheter
distal tip. Coil 78 allows distal tube 76 to bend
around tortuous curves without kinking yet return to a
substantially straight tubular shape in straight
passages.

Referring now to Fig. 9, a dual lumen
embodiment of the present invention is illustrated in a

catheter 90 having an outer tube 92 disposed about an
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inner tube 94. An inflation lumen 96 is defined in the
annular space between outer tube 92 and inner tube 94.
A radiation delivery lumen 98 is defined within inner
tube 94 and is illustrated having radiation delivery
tube 20 disposed within. Inflation lumen 96 is in fluid
communication with an inflatable balloon 100. Inner
tube 94 includes a distal region 102 extending through
balloon 100 and sealing the interior of balloon 100 from
radiation delivery lumen 98. In the embodiment
illustrated, radiation source guide wire 28 is sealed
with an adhesive 104 within a distal end 106 of catheter
90, terminating in distal coil 60.

In dual lumen catheter 90, radiation delivery
tube 20 can remain dry during the procedure and no seal
is required around the radiation source guide wire prior
to inflation. In one embodiment, outer tube 92 has an
outside diameter of about 0.045 inch and an inside
diameter of about 0.040 inch. In one embodiment, inner
tube 94 has an outside diameter of about 0.034 inch and
an inside diameter of about 0.028 inch.

In use, a catheter such as catheters 42 and 46
illustrated in Figs. 2 and 3 can be provided and
inserted into a patient. Catheter 46 can be advanced
until balloon 54 is in position across a treatment site
having a lesion to be irradiated, leaving the catheter
proximal end extending from the patient. A radiation
delivery tube such as tube 20 of Fig. 1 can be provided,
having radioactive distal region 24 shielded within
vault 30. Transfer tube 34 can optionally be provided,
interposed between, and coupled to, vault distal
coupling 29 and catheter proximal end 44. Balloon 54
can be inflated with inflation fluid, dilating the
stenosed vessel region. Radiation delivery tube

radioactive region 24 can be rapidly advanced through
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transfer tube 34 and catheter lumen 50 to catheter
distal region 52. After exposing the vessel treatment
site for an appropriate period, radiation delivery tube
20 can be withdrawn into wvault 30.

In embodiments having a common inflation and
radiation delivery lumen, a seal can be provided around
the radiation source guide wire near the proximal end of
the catheter, to seal in inflation fluid. In
embodiments having a separate inflation lumen, a seal is
not required to contain inflation fluid and the
radiation delivery tube can remain dry the entire
procedure. _

Referring now to Fig. 10, a preferred single
operator exchange catheter design including a passive
blood perfusion lumen and a radiation delivery tube
lumen is illustrated. The figure shows a distal portion
of catheter 160 connected proximally to a manifold 162
(the manifold is depicted in Fig. 11), having a proximal
region 164, a distal region 166, and a distal end 168.
The proximal region 164 of the catheter depicted in Fig.
10 includes a proximal shaft 170 which extends distally
to a skived terminal end 172 which is proximal of the
proximal balloon 174.

The proximal shaft portion 170 and skived
portion 172 are affixed to a distal shaft portion 176 at
the juncture as depicted. With the termination of the
proximal tube 170, an inflation tubular member 180
extends from the distal end thereof and is in fluid
communication with the lumen of the proximal tube 170.
The distal end of the inflation tube 180 extends into
the interior volume 182 of the balloon 174. Thus,
inflation fluid may be transferred via the lumen 171 of
proximal tube 170 into the balloon 174 through inflation
tube 180. As depicted in Fig. 10, the balloon catheter
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of the present invention preferably includes multiple
balloons to form multiple expandable segments. Fig. 10
depicts a proximal balloon 174, an intermediate balloon

176 and a distal balloon 178. Communication between the

three balloons for inflation fluid is provided by an

intermediate balloon inflation tube 177 and a distal
balloon inflation tube 179 as depicted in Fig. 10.
Alternatively, the inflation tubular member 180 can
extend into all three balloons with an opening to the
interior of each.

Also depicted in Fig. 10 is an inner tubular
member 184 which extends from the proximal end of the
catheter across the juncture between the proximal shaft
170 and distal shaft 176 into the interior of the
balloon and terminates at a distal end 185 proximate the
distal end of the distal balloon 178. This inner
tubular member has a lumen extending therethrough which
is closed at the distal end 185. The lumen has a core
wire 28 extending therein. This lumen provides the
conduit for insertion of and tracking of a radiation
delivery tube 20 (not shown) as previously discussed
herein.

Referring now also to FIG. 12, a cross-
sectional view of catheter 160 at line 12-12, including
distal region 166 is shown in more detail. Proximal
shaft 170 is joined to distal shaft 176 with a crimped
tube distal end 172. A guide wire tube 190 including a
guide wire lumen 192, extends distally through the
catheter, exiting catheter 160 at a distal port 168.
Guide wire tube 190 extends through the balloons and is
formed by distal shaft 176. A guide wire lumen proximal
extension 195 extends proximally from distal shaft 176
along the exterior of proximal shaft 170. The catheter

160 includes proximal perfusion ports 197 through the
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wall of guide wire lumen proximal extension 195 and
distal perfusion ports 196. Thus, during treatment, a
guide wire extending through the guide wire lumen can be
pulled back proximally to a point proximal of the
proximal perfusion ports 197. This provides a perfusion
pathwéy between the proximal ports 197 and distal ports
196, and accompanying blood flow during prolonged
treatment.

Fig. 13 depicts a cross section of the
catheter in Fig. 10 at line 13-13. The proximal guide
wire extension 195 is depicted affixed to the outside
diameter of proximal tube 170 via an adhesive bond 200.
Fig. 13 also depicts core wire 28 extending within the
inner tube 184. Figs. 14 and 15 depict alternative
designs for the proximal portion of the catheter 160
with Fig. 14 incorporating a dual lumen proximal tubular
member 170, and the catheter of Fig. 15 incorporating
multiple tubular members in side-to-side relation
bundled in a shrink wrap 205. The cross sections of
Figs. 14 and 15 are taken at line 13-13 of Fig. 10. The
core wire 28 is depicted in both alternative embodiments
within proximal tubular member 170. A separate
inflation tubular member 206, having a lumen
therethrough extends exterior to the proximal tubular
member 170. The proximal guide wire extension 195 is an
integral part of proximal tubular member 170 in Fig. 14,

while in Fig. 15, the extension 195 is held to the

exterior surface of the proximal tube 170 via the shrink

wrap 205.

Fig. 16 shows the distal portion of a
radiation delivery balloon catheter similar to that
shown and described with reference to Fig. 9, but with
the core wire 220 shown in a slidable relationship with

inner tube 94. As in Fig. 9, an inflation lumen (not
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shown) is defined in the annular space between outer
tube 92 and inner tube 94. A radiation delivery lumen
98 is defined within inner tube 94 and is illustrated
having radiation delivery tube 20 disposed within.
Inflation lumen 96 (see Fig. 9) igs in fluid
commuﬁication with an inflatable balloon 100. Inner
tube 94 includes a distal region 102 extending through
balloon 100 and sealing the interior of balloon 100 from
radiation delivery lumen 98.

Unlike the embodiment shown in Fig. 9,
however, the core wire 220 is not fixed or otherwise
attached to the distal end 106 of catheter 90. Rather,
the core wire 220 can slide longitudinally relative to
inner tube 94. Accordingly, the core wire 220 may be
withdrawn to a proximal position or advanced to a distal
position, relative to the distal end 222 of the
radiation delivery lumen 98.

Preferably, a centering cone 224 is positioned
at or near the distal end of the radiation delivery
lumen 98. The centering cone 224 is adapted to receive
and help center the distal end 226 of the core wire 220
when advanced to the distal position. A distal coil 60
(see Fig. 9) may be attached to the distal end 106 of
inner tube 94, and extend distally therefrom.

In use, the core wire 220 may be withdrawn to
the proximal position, preferably proximal of the
balloon 100, to increase the flexibility of the distal
region 228 of catheter 90. That is, by removing the
support provided by the core wire 220 in the distal
region 228, the flexibility of the distal region 228 may
increase. This may allow the distal region 228 to
navigate more tortuous paths and reach more distal
sites, particularly in a single operator exchange type

catheter. Before the radiation delivery tube 20 1is
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advanced into the catheter distal region 228, however,

the core wire 220 is moved distally to the distal
position and into the centering cone 224. As indicated
above, the centering cone 224 may help center the distal
end of core wire 220 relative to inner tube 94.

‘ When the core wire 220 is in the distal
position, the radiation delivery lumen 98 in combination
with core wire 220 may provide a structure that can be
used to rapidly advance the radiation source to the
lesion site. Further, by sliding the core wire 220 into
the distal position, abutting the end of the lumen, it
is guaranteed that there is a navigatable path for the
radiation source to the site of treatment. This is,

there are no kinks that would stop the source from

reaching the site. In addition, the core wire 220'may

help constrain lateral movement of the radiation
delivery tube 20 and help center the radiation delivery
tube 20 within the vessel. This may be important to
provide a more even radiation exposure to the vessel
walls.

Referring now to Fig. 17, a preferred core
wire 220 1s disclosed. The core wire of Fig. 17
includes a proximal portion 250 having an outside
diameter of approximately 0.12 inches. The outside
diameter then tapers in a tapered region 252 over a
length of approximately 2 inches. A distal section 253
of reduced diameter extends therefrom. In preferred
embodiments, the reduced diameter portion ranges from

about .007 inches about .01 inches. A bulbous distal

tip 254 is formed on the distal end of the core 220. 1In

a preferred embodiment, the distal tip 254 is a weld
ball formed using a coil of platinum wire having a .003
inch diameter. The coil is £four times wound over a

mandrel to form the outside diameter of the ball which
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is preferably selected to correspond to the outside
diameter of the radiation delivery tube. The bulbous
tip is preferably radiopaque and provides a
fluoroscopically visible point at the site of treatment.
This assures that the radiation source is placed
properly. Further, the bulbous tip is preferably
selected to correspond to the outside diameter of the
radiation delivery tube so that if a radiation tube
breaks along its length, it can readily be retracted by
removing the core wire with the bulbous tip compacting
the distal end of the tube to help pull it out
proximally.

It is contemplated that the core wire in all
of the above-described embodiments may be constructed
with a slidably disposed core wire. This may impaft
greater flexibility to the distal end of the catheter
when the core wire is withdrawn to a proximal position,
while still providing support to the radiation delivery
tube 20 when the core wire 220 is advanced to a distal
position.

A preferred method of utilizing embodiments
with a slidable or removable core wire includes first
placing a guide wire within the vessel lumen across the
site to be treated. This is followed by the use of a
conventional balloon dilatation catheter to predilate
the stenosed area. The conventional balloon catheter is
then removed with the guide wire being left in place
across the lesion. A centering balloon catheter as
disclosed herein, capable of utilizing a radiation
source, particularly, one as disclosed in Fig. 8, is
then advanced over the guide wire so that the centering
balloon is across the cite to be treated. The core wire
is then advanced to its distal position so that the

bulbous tip is abutting the distal end of the lumen.
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WHAT IS CLAIMED IS:

1. A catheter system for inhibiting restenosis
comprising:
an elongate tubular shaft having a lumen, a
proximal region and a distal region;
an inflatable balloon disposed proximate said
shaft distal ©region, said balloon
defining a balloon interior and

exterior, said balloon interior -being

sealed with respect to fluid
communication with said balloon
exterior;

a radiation source guide wire slidably
disposed within said shaft lumen; and

an elongate radiation delivery tube, said
delivery tube having a lumen and a
distal region, said delivery tube distal
region being radioactive, said delivery
tube being adapted to slide over said
radiation source guide wire,

such that said balloon can be inflated by
infusing said tubular shaft lumen with
inflation fluid,

such that said radiation delivery tube can be
advanced over sald radiation source
guide wire, within said tubular shaft

lumen, into said balloon interior.

2. A radiation source as recited in claim 1
wherein said radiation delivery tube has tube walls and
said radiation delivery tube distal radioactive region
includes radicactive material incorporated in said tube

walls.
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3. A radiation source as recited in claim 1
wherein said radiation delivery tube has a surface and
said radiation delivery tube distal radiocactive region
includes radioactive material secured to said distal

region surface.

4. A radiation source as recited in claim 1
wherein said radiation delivery tube has an exterior
surface and said radiation delivery tube distal
radiocactive region includes radioactive wire wound about

said distal region exterior surface.

5. A radiation source as recited in claim 1
wherein said radiation delivery tube is formed of metal
and said radiation delivery tube distal radioactive

region is formed of radioactive metal.

6. A catheter system as recited in claim 1
wherein said radiation delivery tube is formed from
Nitinol.

7. A catheter system as recited in claim 1
wherein said radiation delivery tube is a polymeric tube

formed from polyethylene.

8. A radiation source as vrecited in claim 1
wherein said radiation delivery tube has a tube wall and
a longitudinal slot through said tube wall, such that
the radiation source guide wire can be slid through said

longitudinal slot.

9. A radiation source as recited in claim 8
wherein said slot does not extend through at least a

portion of said radiation delivery tube distal region.
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10. A radiation source as recited in claim 1
wherein said radiation delivery tube distal region has

a proximal guide wire port.

11. A catheter system as recited in claim 1

wherein said balloon includes a plurality of lobes.

12. A catheter system as recited in claim 1
wherein said balloon includes a plurality of tubular
balloon disposed transversely about said radiation

source guide wire.

13. A catheter system for inhibiting restenosis
comprising:
an elongate outer tube having a 1umen; a
proximal region and a distal region;
an inflatable balloon disposed proximate said
outer tube distal region, said balloon
defining a balloon interior and

exterior, said balloon interior being

sealed with respect to fluid
communication with said balloon
exterior;

an elongate inner tube having a lumen, a
proximal port, a distal region, and a
closed distal end, said inner tube being
disposed within said outer tube, said
inner tube distal region being disposed
inside said balloon;

an inflation lumen defined between said inner
and outer tubes, said inflation lumen
being in fluid communication with said

balloon interior;
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a radiation source guide wire slidably
disposed within said inner tube lumen;
and

an elongate radiation delivery tube, said
delivery tube having a lumen and a
distal region, said delivery tube distal
region being radiocactive, said delivery
tube being adapted to slide over said
radiation source guide wire,

such that saild balloon can be inflated by
infusing said inflation lumen with
inflation fluid,

such that said radiation delivery tube can be
advanced over said radiation source
guide wire, within said inner tube

lumen, proximate said balloon interior.

14. A catheter system for inhibiting restenosis
comprising:

a proximal elongate tube having a lumen, a
proximal region and a distal skived
region;

a distal elongate tube having a lumen, a
proximal region and a distal vregion,
wherein the proximal region of said
distal elongate tube is operably
attached to the distal skived region at
a juncture;

an inflatable balloon disposed about said
distal elongate tube, said balloon
defining a balloon interior and
exterior, said balloon interior being

sealed with respect to fluid
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communication with said balloon
exterior;

an inflation tubular member having an
inflation lumen, a proximal end and a
distal end, the proximal end of said
inflation tube is in fluid communication
with the lumen of the proximal elongate
tube, and the distal end of said
inflation tube is in fluid communication
with the interior of the balloon;

an elongate inner tube having a lumen, a
proximal port, a distal region, and a
closed distal end, said inner tube
extending from the proximal elongate
tube, across the juncture and into'the
interior of the balloon;

a guide wire lumen extending from a proximal
port located proximal of the balloon to
a distal port 1located distal of the
balloon for slidably receiving a guide
wire, said guide wire lumen positioned
within at least a portion of the lumen
defined by the distal elongate tube;

a radiation source guide wire disposed within
said elongate inner tube lumen; and

an elongate radiation delivery tube, said
delivery tube having a lumen and a
distal region, said delivery tube distal
region being radiocactive, said delivery
tube being adapted to slide over said
radiation source guide wire,

such that said balloon can be inflated by
infusing said inflation 1lumen with
inflation fluid,
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such that said radiation delivery tube can be
advanced over said radiation source
guide wire, within said inner tube

lumen, proximate said balloon interior.

15. ' A catheter system according to claim 14
wherein said radiation source guide wire is slidably

disposed within said elongate inner tube lumen.

16. A catheter system according to claim 14
wherein said radiation source guide wire is fixed

relative to said elongate inner tube lumen.

17. A method for inhibiting restenosis comprising:
providing a radiation delivery catheter
including an elongate tubular shaft
having a lumen, a proximal region and a
distal region,
an inflatable balloon disposed proximate said
shaft distal region, said balloon
defining a balloon interior and

exterior, said balloon interior being

gsealed with respect to fluid
communication with said balloon
exterior,

a radiation source guide wire slidably
disposed in said shaft lumen and
selectively extending through said shaft
lumen and into said balloon interior;

providing an elongate radiation delivery
tube, said delivery tube having a lumen
and a distal region, said delivery tube
distal region being radiocactive, said

delivery tube being adapted to slide
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over said radiation source guide wire,
such that said balloon can be inflated
by infusing said tubular shaft lumen
with inflation fluid, such that said
radiation delivery tube can be advanced
over said radiation source guide wire,
within said tubular shaft lumen, into
said balloon interior;

inserting said catheter distal region into
the vascular system of a patient;

withdrawing said radiation source guide wire
proximally of said balloon interior;

advancing said catheter distal region to a
site to be treated;

inflating said balloon;

advancing said radiation source guide wire
distally into said balloon interior;

inserting said radiation source guide wire
into said radiation delivery tube lumen;

advancing said radiation delivery tube over
said radiation source guide wire and
within said tubular shaft lumen;

further advancing said radiation delivery
tube within said balloon interior;

exposing said treatment site to radiation;

deflating said balloon; and

retracting said catheter and radiation

delivery tube from said patient.

18. A method for inhibiting restenosis as recited
in claim 17 further comprising the steps of:
providing a radiation shielding vault having
a channel therethrough;
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housing said radiation delivery tube distal
region in said vault channel prior to
use; and

advancing said radiation delivery tube distal

region into said catheter lumen.
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