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INTRAVASCULAR RADATION THERAPY 
DEVICE, AND METHOD OF USE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to radiation 
therapy catheters, and, in particular, to an apparatus and 
method for properly centering or otherwise positioning a 
radiation therapy catheter within a vascular Segment at a 
desired treatment Site. 

0003 2. Description of the Related Art 
0004. Approximately 20-30% of patients who undergo 
arterial intervention experience restenosis within about 6 
months of the initial treatment. This often necessitates 
repeating the procedure, Such as balloon angioplasty, Stent 
implantation, atherectomy, or treatment with lasers, to once 
again clear the patient's vascular obstruction. Repeating 
Such a procedure, or undertaking a Second, different proce 
dure, is clearly undesirable. 
0005 Although stent implantation is used to prevent 
restenosis, Stent restenosis occurs due to neointimal prolif 
eration, i.e. an accelerated growth of tissue at the treated Site. 
However, endovascular radiation effectively inhibits neoin 
timal formation. In particular, a radiation treatment may be 
undertaken either prior to placement of a conventional Stent 
or through the use of a radioactive Stent, i.e. a Stent that is 
coated or impregnated with a radioactive Source. The Stent 
may be made radioactive, for example, by placing it in a 
cyclotron that emits radionuclides. 
0006 Radiation therapy undertaken during or after arte 
rial intervention can be accomplished in a variety of ways, 
as discussed, for example, in U.S. Pat. No. 5,213,561 to 
Weinstein et al., U.S. Pat. No. 5,484,384 to Fearnot, and U.S. 
Pat. No. 5,503,613 to Weinberger. Among other radiation 
therapy devices, these references disclose a guidewire hav 
ing a radioactive tip, a radioactive Source within a balloon 
catheter, and a radioactive Source mounted on a balloon 
expansible Stent. Weinberger teaches that a variety of radia 
tion Sources may be used, Such as pellets, a wire, or a paste. 
0007 One frequently encountered problem is the diffi 
culty in controlling the amount of irradiation; although, a 
guidewire or catheter type delivery device provides greater 
control of exposure time than an implanted radioactive Stent. 
Further, a stent should match the length of the vessel 
Segment to be treated; whereas, a guidewire or catheter can 
be moved axially to increase the length of the vessel exposed 
to radiation. With a stent, there is also the possibility that the 
radioactive material will leach into the Surrounding tissue, as 
well as the possibility of thrombosis forming on the stent 
wire as a delayed re-endotheliatization of the Stent Struts. 
0008. With respect to possible exposure of the clinician 
or patient to radioactive material, it is easier to control 
exposure with a guidewire or catheter device. Asleeve or the 
like Suitable for Shielding the radioactive element can be 
used until the element is located at the desired treatment site. 
A radioactive Stent, on the other hand, requires handling 
prior to insertion into the patient, and can result in increased 
radiation exposure. Also, it can be even more hazardous to 
handle, inject, and withdraw radioactive fluid from a balloon 
catheter. 
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0009. In previous devices, there is also the difficulty in 
positioning a device at the vessel Segment identified for 
radiation therapy. U.S. Pat. No. 5,199,939 to Dake et al. 
attempts to address this problem by providing Stiffening 
members within an otherwise flexible member. An axial 
arrangement of radioactive pellets at the distal end of the 
device delivers the radioactive dosage. U.S. Pat. No. 5,503, 
613 to Weinberger discloses a computer-controlled after 
loader that accurately places the radiation delivery wire 
within the blind lumen, which is sealed at its distal tip. 
Among the inputs to the afterloader are the location of the 
vessel Segment, the diameter of the treatment Site, and the 
radioactive characteristics of the radioactive element. 

0010 Unless a radiation dose delivery wire is carefully 
centered within a blood vessel, a relatively high radiation 
Zone is obtained at that Segment of the vessel contacting or 
closest to the wire, and a lower radiation Zone elsewhere. 
U.S. Pat. No. 4,998,932 to Rosen et al. and U.S. Pat. No. 
5,566,221 to Smith et al. disclose the use of balloons that aid 
in the centering of a catheter within a vessel. A balloon must 
be adequately inflated So that it contacts the vessel walls 
without damaging tissue or rupturing. If inflating the balloon 
causes enlargement of the vessel at the treatment Site, the 
increased radius diminishes the level of radiation reaching 
the vessel walls. For example, irradiating tissue to a depth of 
about 2-3 mm within the tissue is usually desirable. A 
change in the diameter of the vessel diminishes the accuracy 
of the coordinates used by an afterloader, and the radioactive 
material may lack the intensity required for the desired 
penetration. If the balloon ruptures, pieces of the balloon 
may be carried downstream. 
0011. Other uses of balloons in radiation delivery include 
a segmented balloon centering device (see Verin et al., 
“Intra-arterial beta irradiation prevents neointimal hyperpla 
sia in a hypercholesterolemic rabbit restenosis model,”Cir 
culation, vol. 92, pp. 2284-2290, 1995) and a helical bal 
loon, which is said to provide better flow around the catheter 
(see R. Waksman, “Local Catheter-Based Intracoronary 
Radiation Therapy for Restenosis”, The American Journal of 
Cardiology, vol. 78, p. 24, 1996). 
0012. Thus, there is still a need for a radiation delivering 
catheter that can be accurately and easily centered within a 
vascular Segment. 

SUMMARY OF THE INVENTION 

0013 The present invention satisfies the need for a device 
that can be accurately centered within a vessel to be radio 
actively treated. By accurately centering a radiation catheter 
within the vessel, the walls of the vessel to be treated, e.g. 
at a Site of a Stenosis, are exposed to radiation flux that is 
more uniform than it would be if the radiation catheter were 
in contact with (e.g., resting on) the vessel wall. 
0014. In the present invention, various means are utilized 
to properly position a radiation treatment device within the 
vessel. In one embodiment of the present invention, one or 
more balloons are employed to position a radiation deliver 
ing catheter within the vessel and away from the vessel wall. 
In another embodiment of the invention, expandable Struc 
tures are used to do the Same. In yet another embodiment of 
the invention, a radiation Source residing within a balloon is 
shielded from the vessel walls when the balloon is not 
inflated, but exposes the vessel walls to radiation when the 
balloon is inflated. 
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0.015. In one embodiment, a self-centering radiation 
device for treating a Segment of a vessel in a patient 
comprises a catheter for delivering radiation, a plurality of 
balloons for Securing the radiation catheter within the vessel 
(in which at least two of the balloons are independently 
inflatable), and a radioactive Source for treating the vascular 
Segment, in which the radioactive Source is in proximity 
with the radiation catheter and positioned near the balloons 
during treatment. 

0016. In another embodiment of the invention, a radiation 
device for treating a Segment of a vessel in a patient 
comprises a catheter for delivering radiation, a radioactive 
Source in proximity with the radiation catheter, a noncom 
pliant balloon around the radioactive Source, a lumen within 
the radiation catheter that is in fluid communication with the 
noncompliant balloon to permit inflation and deflation of the 
noncompliant balloon, and a compliant balloon that Sur 
rounds the noncompliant balloon. The compliant balloon 
expands as the noncompliant balloon expands to radioac 
tively treat the vascular Segment. 

0.017. In another embodiment of the invention, a radiation 
device for treating a Segment of a vessel in a patient 
comprises a catheter for delivering radiation, a radioactive 
Source in proximity with the radiation catheter, a balloon 
around the radioactive Source, and a lumen within the 
radiation catheter that is in fluid communication with the 
balloon, permitting inflation and deflation of the balloon. 
The balloon has strips of material thereon that substantially 
Shield the Surroundings from unwanted radioactive exposure 
when the balloon is not inflated, in which the area between 
the Strips increases as the balloon expands to more directly 
expose the vascular Segment to radioactive treatment. 

0.018. Another embodiment of the invention is a self 
centering radiation device for treating a Segment of a vessel 
that comprises a catheter for delivering radiation, at least one 
expandable structure for Securing the radiation catheter 
within the vessel, and a radioactive Source for treating the 
vascular Segment, in which the radioactive Source is in 
proximity with the radiation catheter. The expandable Struc 
tures may be Self-expanding and the device may further 
comprise one or more sheaths for expanding and compress 
ing the expandable Structures. 

0019. The invention further includes methods of treating 
a Segment of a vessel. One method comprises inserting a 
catheter into the vessel, inserting a plurality of balloons into 
the vessel (in which at least two of the balloons are inde 
pendently inflatable), inflating at least two of the indepen 
dently inflatable balloons to position the catheter away from 
the walls of the vessel, and exposing the vascular Segment 
to radiation treatment. 

0020. Another method of treating a segment in a vessel 
comprises inserting a balloon into the vessel, placing the 
balloon near the vascular Segment to be treated, and expand 
ing the balloon to expose the vascular Segment to radiation 
that is located in the balloon's interior. 

0021. Yet another method of treating a segment in a 
vessel comprises inserting a catheter into the vessel, insert 
ing at least one expandable Structure into the vessel, expand 
ing the Structure to position the catheter away from the walls 
of the vessel, and treating the vascular Segment by exposing 
it to radiation. 
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0022. In the embodiments of this invention, radiation can 
be delivered to the Stenosis Site by, for example, bonding a 
radioactive Source directly onto the radiation catheter, or by 
passing radioactive carriers through a lumen within the 
radiation catheter. For example, the radioactive carriers, 
which may be in the shape of cylinders or spheres, can be 
carried towards (or away from) the stenosis site by fluid that 
is forced into (or out of) the lumen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a longitudinal cross sectional view of a 
radiation delivering catheter in the prior art. 
0024 FIG. 2A is a longitudinal cross sectional view of 
one embodiment of the present invention in which a single 
balloon is used which is located at the distal end. 

0025 FIG. 2B is an end cross sectional view of the 
embodiment of FIG. 2A. 

0026 FIG. 3 is a schematic view of an occlusion catheter 
apparatus for use in the method of the present invention. 
0027 FIG. 4 is a schematic cross-sectional view of a 
distal portion of the catheter apparatus shown in FIG. 3. 
0028 FIG. 5 shows a preferred embodiment of a syringe 
assembly having features in accordance with the present 
invention and operably coupled to an illustrative inflation 
adapter at a proximal portion of a balloon catheter. 
0029 FIGS. 6A and 6B show open and closed positions, 
respectively, of the Sealing member, which is used with the 
balloon catheter of FIGS. 5 and 7. 

0030 FIG. 7 shows a perspective view of the balloon 
catheter of FIG. 5 placed within an open inflation adapter. 
0031 FIG. 8A is a longitudinal cross sectional view of an 
embodiment utilizing two, independently inflatable bal 
loons. 

0032 FIG. 8B is an end cross sectional view of the 
embodiment of FIG. 8A. 

0033 FIGS. 9A and 9B illustrate spherical and cylindri 
cal radiopaque carriers, respectively, within an injection 
lumen for delivering radiation to a Stenosis site. 
0034 FIG.9C illustrates an alternative way of delivering 
radiation to a Stenosis site, in which the radiopaque and 
radioactive carriers are fastened to a wire. 

0035 FIG. 10A is a longitudinal cross sectional view of 
an embodiment utilizing two balloons, in which the distal 
balloon is tied to a guidewire and the proximal balloon to a 
proximal catheter. 
0036 FIG. 10B is an end cross sectional view of the 
embodiment of FIG. 10A. 

0037 FIG. 11A is a longitudinal cross sectional view of 
an embodiment utilizing a balloon placed at the Stenosis site, 
in which a radioactive Source within the balloon is exposed 
to the vessel as the balloon expands. 
0038 FIG. 11B is an end cross sectional view of the 
embodiment of FIG. 11A. 

0039 FIG. 12 is end cross sectional view of an embodi 
ment similar to that of FIG. 11A and 11B, in which an inner 
balloon is inflated to expand an Outer balloon. 
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0040 FIG. 13A is a longitudinal cross sectional view of 
an embodiment in which an expandable structure (a braid) is 
used to center a radiation catheter within a vessel to be 
treated. 

0041 FIG. 13B is an end cross sectional view of the 
embodiment of FIG. 13A. 

0042 FIGS. 14A and 14B show longitudinal and end 
perspective views, respectively, of a locking mechanism 
used with a wire that deploys an expandable structure (in this 
case, a braid). 
0.043 FIG. 14C is a perspective view of an alternative 
locking mechanism used with a wire that deploys an expand 
able Structure. 

0044 FIG. 15 is an embodiment utilizing two expand 
able structures (in this case, braids), in which the expandable 
Structures adjoin Separate catheters. 
004.5 FIG. 16A is an embodiment utilizing two expand 
able structures (in this case, braids), in which the expandable 
Structures adjoin the same catheter. 
0046 FIG. 16B is an end cross sectional view of the 
embodiment of FIG. 16A. 

0047 FIG. 17 is a schematic, longitudinal cross sectional 
view of an embodiment in which a membrane only partially 
Surrounds a braid used as the expandable Structure. 
0048 FIGS. 18A and 18B show end views of unperfo 
rated and perforated membranes, respectively. 
0049 FIG. 19 is a schematic, longitudinal cross sectional 
view of an embodiment in which a braid without a mem 
brane is used. 

0050 FIG.20 is a schematic, longitudinal cross sectional 
view of an embodiment in which a filter-like mesh is used 
as the expandable structure. 
0051 FIG.21 is a schematic, longitudinal cross sectional 
view of an embodiment in which a slotted tube is used as the 
expandable Structure. 
0.052 FIG. 22 is a perspective view of the slotted tube 
used in the embodiment of FIG. 21. 

0.053 FIG.23 is a schematic, longitudinal cross sectional 
view of an embodiment in which a coil is used as the 
expandable Structure, and the proximal end of a membrane 
Surrounding the coil adjoins the coil. 
0.054 FIG.24 is a schematic, longitudinal cross sectional 
view of an embodiment in which a coil is used as the 
expandable Structure, and the proximal end of a membrane 
Surrounding the coil adjoins a sheath that Surrounds both 
first and Second elongate members. 
0.055 FIG.25 is a schematic, side cross sectional view of 
an embodiment in which a plurality of ribbons are used as 
the expandable structure. 

0056 FIG. 26 is a schematic, side cross sectional view of 
an embodiment in which a plurality of ribs are used as the 
expandable Structure. 

0057 FIG. 27 is an isometric view of an embodiment of 
the invention in which a pull wire is used to deploy a 
plurality of nonself-expanding ribbons Surrounded by a 
membrane. 
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0.058 FIG. 28 is a side partial sectional view of the 
embodiment of FIG. 27 in which the ribbons are in their 
relaxed, undeployed position. 
0059 FIG. 29 is a side elevational view of the embodi 
ment of FIG. 27 in which the ribbons are deployed, and the 
membrane contacts the vessel. 

0060 FIGS.30A, 30B,30C, and 30D show, respectively, 
a braid, a filter-like mesh, a Slotted tube, and a plurality of 
coils, which can be used as alternative expandable Structures 
in place of the ribbons in the embodiment of FIG. 27. The 
respective membranes are shown in partial croSS Section. 
0061 FIG.31 is a longitudinal cross sectional view of an 
atherectomy device. 
0062 FIG. 32 is a longitudinal cross sectional view of a 
device that uses a laser. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0063 FIG. 1 schematically shows a conventional radia 
tion therapy catheter 101 being used with a guidewire 102 
for placement within a vessel Segment, in which the catheter 
101 rests against one side 108 of the wall of the blood vessel. 
Within the catheter 101 is a radioactive source 104 that is 
also concentrated against one side 108 of the vessel wall. 
That is, a Zone of higher radiation exists along the line of 
contact, and a lower radiation Zone exists along that portion 
of the vessel wall not in direct contact with the catheter 101. 

0064. In the preferred embodiments of the devices and 
methods described herein, “centering” and the like are not be 
narrowly construed, but include the positioning of a catheter 
at or near the center of a vessel Segment, or otherwise 
positioning the catheter Symmetrically or asymmetrically 
within the vessel Segment at a desired treatment location. 
0065 Radiation Centering Embodiments. Using One or 
More Balloons 

0.066 1. Single distal balloon 

0067 FIGS. 2A and 2B, on the other hand, illustrate an 
embodiment of the present invention in which a catheter 201 
(preferably having an I.D. (inside diameter) of 0.018 to 
0.042" and an O.D. (outside diameter) of 0.035 to 0.070", 
with a 100 cm long 73D PebaxTM relatively hard proximal 
end, and a 20 cm long 35D. PebaxTM relatively soft distal 
end) has a radiation source 210 bonded directly to its outer 
Surface. Alternatively, radiation may be delivered through 
lumens in the form of radioactive fluid (e.g. a radiochemi 
cal), pellets, or wires, as discussed more fully below in 
connection with FIGS. 8A, 8B, 9A, 9B, and 9C, techniques 
which limit exposure to medical perSonnel. In addition, 
X-ray radiation may be generated within the patient at the 
treatment site using a Small metallic object that is tied to an 
electrical Source. 

0068 A catheter 221, which functions as a guidewire, is 
located within the radiation catheter 201 has a balloon 231 
(the balloons herein may be elastomeric, nonelastomeric, or 
composite) at its distal end. The guidewire 221 permits the 
clinician to direct the radiation catheter 201 through the 
vessel 235. As seen more clearly in FIG. 2B, the interior 245 
of the guidewire 221 is preferably hollow to permit the 
balloon 231 to be alternately inflated and deflated with 
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contrast fluid or a Saline Solution. A number of guidewire 
technologies for guiding a device through the patient's 
vessel 235 may be used in this and the other embodiments, 
Such as an integral guidewire tip, a Single operator 
guidewire, or the exchange catheter method, as is well 
known in the art. 

0069. When the balloon 231 is inflated, it tends to center 
the radiation catheter 201 So that radiation is delivered to the 
site of the stenosis 241 with better radial symmetry. The best 
results are obtained when the balloon 231 is located within 
about 4 cm of the stenosis site 241 (the balloon being on the 
distal side of the Stenosis site), So that during treatment the 
radiation Source 210 remains Substantially centrally located 
within the vessel at the Stenosis site 241. Thus, the level of 
radiation is nearly uniform along the radiation catheter 201 
at the Stenosis site 241, i.e. the vessel Segment to be treated. 
A movable shield catheter 250 (preferably made of Nylon, 
PebaxTM, or polyethylene, and of size 6-8 F with an I.D. of 
0.060-0.090" and an O.D. of 0.080-0.140") may be used 
when the Stenosis site 241 is not being treated, to shield 
Surrounding tissue and clinical perSonnel from being 
exposed to radiation. The movable shield catheter 250 
preferably comprises a nontoxic heavy metal (Such as gold, 
nitinol, or stainless Steel) or a polymer. 
0070 The stenosis site 241 is preferably accessed 
through a port in the patient using an introducer (not shown). 
Generally, the guidewire 221 is inserted to locate the Site of 
Stenosis 241 (or restenosis, as the case may be), and then the 
radiation and shield catheters 201 and 250 are slid over the 
guidewire to the treatment Site 241. A fluoroscopic proce 
dure may first be used to identify the Stenosis Site 241, as is 
known to those skilled in the art. 

0071 Preferably, the guidewire 221 has a circular cross 
section with an outside diameter (O.D.) between about 
0.010" and 0.014", but the O.D. may be as great as 0.044", 
whereas the inner diameter (I.D.) is preferably between 
about 0.008" to 0.020", and more preferably about 0.009" 
for a wire having an O.D. of 0.014". The guidewire 221 is 
preferably made from Stainless Steel, or, alternatively, an 
alloy of nickel and titanium known as nitinol. The guidewire 
221 is preferably of length 190 to 300 cm and includes a tip 
and a 35 mm platinum coil which are not shown explicitly 
in FIG. 2A. Other biocompatible elongate flexible tubes 
made of polymeric materials. Such as nylon, polyamide, 
polyimide, polyethylenes, or combinations thereof, are 
appropriate for use with the present invention and are 
described in assignee's co-pending U.S. application Ser. 
No. (Atty Docket PERCUS.002A) filed Mar. 6, 
1997 which is entitled HOLLOW MEDICAL WIRES AND 
METHODS OF CONSTRUCTING SAME, the entirety of 
which is hereby incorporated by reference. 

0072 The balloon 231 is preferably made of a block 
copolymer of styrene-ethylene-butylene-styrene (SEBS) 
such as C-Flex (TM) available from Consolidated Polymer 
Technologies. More preferably, the balloon material is 
C-Flex (TM) resin grade R70-050-000, as described in 
assignee's co-pending U.S. application Ser. No. 
(Atty Docket PERCUS.010CP1) filed and entitled 
BALLOON CATHETER AND METHOD OF MANUFAC 
TURE, which is hereby incorporated by reference. Alterna 
tively, the balloon 231 may comprise a conventional com 
pliant expansion balloon made of elastomeric material, Such 
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as latex or silicone. The balloon 231 can be attached to the 
guidewire 221 using the methods described in the applica 
tion just referenced, or by a conventional method, Such as 
heat bonding or adhesives. For example, a primer Such as 
7701 LOCTITE (TM) by Loctite Corporation may be used 
with cyanoacrylate adhesive such as LOCTITE 4011 for 
attaching a SEBS balloon to a nitinol tube. 

0073. The guidewire 221 preferably includes a catheter 
Valve Such as that described in assignee's copending U.S. 
application Serial No. (Atty Docket 
PERCUS.006CP1) filed and entitled LOW PRO 
FILE CATHETER VALVE AND INFLATION ADAPTOR, 
which is a continuation-in-part of application Ser. No. 
08/812,139 filed Mar. 6, 1997, which is a continuation-in 
part of application Ser. No. 08/650,464 filed May 30, 1996, 
the entirety of the latest CIP being incorporated by reference. 
AS described in more detail below in connection with FIGS. 
6A and 6B, this latest CIP application describes a valve 
comprising a moveable Sealer portion positioned within an 
inflation lumen, in which the moveable Sealer portion may 
be moved to a position distal of the inflation port, thereby 
preventing any fluid from being introduced into or with 
drawn from the balloon via the inflation port. With this 
arrangement, the radiation catheter 201 can easily Slide off 
of and onto the guidewire 221 to be positioned within the 
vessel 235. Preferably, the radiation catheter 201 is inserted 
into the patient after the guidewire 221 has been positioned 
within the patient and the balloon 231 has been inflated. A 
computer-controlled afterloader (not shown) may be used to 
insert the radiation catheter 201 and control the duration of 

the radiation therapy. Parameters, Such as the location of the 
treatment site 241 and the diameter of the vessel at that site, 
are obtained prior to the radiation therapy and are pro 
grammed into the afterloader, as is known to those skilled in 
the art. One source for an afterloader is Nucletron Corpo 
ration in Columbia, Md. 

0074 The shelf or half-life of the radiation source 210 is 
important to the dosimetry of the radiation therapy. A “fresh' 
isotope is preferred to more accurately estimate and control 
the delivery of a prescribed amount of radiation to a desired 
tissue depth, Such as 14 Gy (or more generally, 8-25 Gy, to 
a depth of about 2 mm). 

0075. In addition, the choice of radioactive isotope is 
dependent upon the diameter of the vessel 235 and the 
desired treatment time. For example, a more highly radio 
active Source may be preferable in a larger diameter vessel, 
since the treatment time is preferably limited to about 5 
minutes or less. Gamma(Y)-emitting Sources are generally of 
higher radioactivity and have a greater half-life than beta(3)- 
emitting sources. For example, iridium 192 ('Ir) has a half 
life of about 74 days and phosphorus 32 ('P) has a half life 
of about 14.3 days. Other B-emitting Sources, Such as 
Strontium 90/Yttrium (Sr/Y), Por'Y may be used. Or, 
a Y-emitter such as 'Ir, iodine 125 ('I), or palladium 103 
('Pd) may be used. It is also possible to utilize a higher 
intensity Source Such as Cobalt 60, although the particular 
isotope used is not determinate of the benefits of the present 
invention. 
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0076 2. A preferred catheter with integral inflatable 
balloon 

0077. A catheter suitable for use in the present invention 
(such as catheter 221) is illustrated in FIGS. 3 and 4. The 
catheter apparatus 110 is comprised of four communicating 
members including an elongated tubular member 114, an 
inflatable balloon member 116 or other expandable medium, 
a core-wire member 120 and a coil member 122. The 
catheter apparatus 110 is preferably provided with an outer 
coating of a lubricous material, Such as Teflon. 
0078. The tubular member 114 of the catheter apparatus 
110 is in the form of hypotubing and is provided with 
proximal and distal ends 114A and 114B as well as an inner 
lumen 115 extending along the tubular member 114. The 
balloon member 116 is coaxially mounted near the distal end 
114B of the tubular member 114 by suitable adhesives 119 
at a proximal end 116A and a distal end 116B of the balloon 
member 116 as shown in FIG. 4. Proximal and distal tapered 
portions 123 and 124 on either side of the balloon 116 
preferably include adhesives. Proximal and distal adhesive 
stops 125 and 126 contact the adhesives 119 to define the 
working length of the balloon 116. A radiopaque marker 127 
is preferably located within the proximal tapered portion 
123. A notch 128 in the tubular member 114 permits fluid 
communication between the lumen 115 and the balloon 116. 

0079 A core-wire member 120 of the catheter 110 may 
be comprised of a flexible wire. The flexible wire 120 is 
preferably secured to the tubular member 114 within the 
lumen 115 by a combination of adhesives and crimps 129 
(FIG. 4). The proximal end 120A of the flexible wire 120 
can have a transverse croSS Sectional area Substantially leSS 
than the Smallest transverse cross-sectional area of the inner 
lumen 115 of the tubular member 114. The flexible wire 120 
can also taper towards the distal end 120B to smaller 
diameters to provide greater flexibility to the flexible wire 
120. However, the flexible wire 120 may be in the form of 
a Solid rod, ribbon or a helical coil or wire or combinations 
thereof. As shown in FIG. 4, the distal end 120B of the 
flexible wire 120 is secured to a rounded plug 118 of solder 
or braze at the distal end 122B of the coil member 122. The 
coil member 122 of the catheter 110 may be comprised of a 
helical coil. The coil member 122 is coaxially disposed 
about the flexible wire 120, and is secured to the flexible 
wire 120 by soldering or brazing. Core wires for use in a 
medical catheter are described in ASSignee's co-pending 
U.S. application Serial No. , filed on the Same day 
herewith (Atty. Docket No. 
0080 PERCUS.053A), entitled CORE WIRE WITH 
SHAPEABLE TIP, which is hereby incorporated by refer 
CCC. 

0081. The balloon member 116 is preferably a compliant 
balloon formed of a Suitable elastic material Such as a lateX 
or the like. The flexible coil 122 is preferably formed of a 
wire of platinum or gold based alloys. The flexible core-wire 
120 and the tubular member 114 are preferably formed of a 
Superelastic nickel-titanium alloy. 

0082 The catheters of the present invention are prefer 
ably provided with a coating on the outer Surface, or on both 
the inner and outer Surfaces. Suitable coatings include 
hydrophilic, hydrophobic and antithrombogenic coatings. 
Examples include heparin and TEFLON. These coatings can 
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be applied using methods well known in the art. The 
construction of catheter shafts and notches for fluid com 
munication are discussed in ASSignee's co-pending U.S. 
application Ser. No. , filed on the same day herewith 
(Atty. Docket No. PERCUS.055A), entitled SHAFT FOR 
MEDICAL CATHETERS, which is hereby incorporated by 
reference. 

0083. 3. A preferred inflation apparatus 
0084. A preferred embodiment of a low volume or infla 
tion syringe 10 in a syringe assembly 100 having features in 
accordance with the present invention is shown in FIG. 5. 
Also shown in FIG. 5 is an illustrative connection of the 
assembly 100 to an occlusion balloon guidewire catheter 12 
(such as catheter 221) utilizing an inflation adapter 30. The 
syringe assembly 100, comprising the inflation syringe 10 
and a larger capacity or reservoir Syringe 110, is attached via 
tubing 216 to the inflation adapter 30 within which a sealing 
member 930 (see FIGS. 6A and 6B) and the balloon 
catheter 12 are engaged during use. 
0085. The sealing member 930, described in more detail 
below in connection with FIGS. 6A and 6B, is inserted into 
an open proximal end of the catheter 12. The syringe 10 is 
used to inject inflation fluid through the adapter 30 and 
inflation port 17 into a lumen of the catheter 12, and into the 
balloon 14. The inflation adapter 30, described in more detail 
below in connection with FIG. 7, is used to open and close 
the sealing member 930 to permit the inflation or deflation 
of the balloon 14 mounted on the distal end of the catheter 
12. However, it will be emphasized that other types of 
adapters, valves, and/or sealing members can be employed 
with the inflation Syringe and/or Syringe assembly of the 
present inflation, in order to achieve rapid and accurate 
inflation/deflation of medical balloons or other nonballoon 
medical devices. Therefore, although the present inflation is 
illustrated in connection with a low Volume occlusion bal 
loon 14, other types of balloons and nonballoon devices can 
benefit from the advantages of the invention. 
0086). If the balloon 14 is mounted on the distal end of the 
catheter 12, the syringe 10 and/or syringe assembly 100 is 
preferably connected at the proximal end of the catheter 12. 
Prior to use of the syringe 10 to inflate the balloon 14 to the 
proper size for the vascular Segment to be treated, the distal 
end of the catheter 12 and the balloon 14 are first “primed” 
or evacuated. The reservoir syringe 110 of the assembly 100 
may be used for the evacuation. Access to the vascular site 
is through a port in the patient obtained, for example, using 
an introducer (not shown). A preferred System and method 
for accomplishing the occlusion balloon inflation is 
described below. 

0087 Generally, the inflation syringe 10 of the present 
invention is provided with a stop mechanism 20 for limiting 
both the intake of fluid into the syringe and the delivery of 
fluid from the Syringe. The Syringe 10 has an elongate 
cylinder 44 and plunger arrangement 50 which provide for 
greater displacement or travel by the plunger along the 
cylinder length than is necessary to expel a relatively Small 
amount of inflation fluid. Thus, with the stop mechanism 20, 
the clinician is provided with an enhanced Sense of whether 
the fluid in the syringe 10 has been delivered to the balloon, 
which helps compensate for lack of precision by the clini 
cian. The Stop mechanism 20 may be mounted on the Syringe 
10 during production, or as Separate components that can be 
retro-fit onto an existing Supply of Syringes. 
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0088 Referring to FIGS. 5, 6A, 6B, and 7, the catheter 
12 has the sealing member 930 inserted into its proximal end 
and has a Side-access inflation port 17, shown in greater 
detail in FIGS. 6A and 6B. The inflation port 17, proximal 
end of the catheter 12 and distal end of the sealing member 
930 are positioned within the inflation adapter 30 (see FIG. 
7) to which a syringe assembly 100 in accordance with the 
present invention has been operably coupled. The inflation 
Syringe 10 is coupled via an injection cap 22 at its distal end 
to a valve 112 that also connects the large capacity Syringe 
110 and a short tube segment 216. The tube segment 216 is 
adapted to connect to a fitting or male luer member 24 of the 
inflation adapter 30. Thus, the sealing member 930 is 
engaged by the adapter 30 to allow use of the low volume 
syringe 10 of the syringe assembly 100 to inflate the balloon 
14 at the end of the catheter 12. Preferably, the sealing 
member 930 is as described in assignee's previously refer 
enced co-pending U.S. application entitled LOW PROFILE 
CATHETER VALVE AND INFLATION ADAPTOR. 

0089. The catheter 12 (depicted in FIGS.6A and 6B) has 
a proximal end 912, and a distal end (not shown in FIGS. 6A 
and 6B) to which is mounted the inflatable balloon 14. A 
central lumen 940 extends within a tubular body 918 
between the proximal and distal ends. An opening 923 to 
lumen 940 is present at the proximal end 912 of catheter 12. 
The inflation port 17 in fluid communication with lumen 940 
is provided on tubular body 918. 

0090 The sealing member 930 is inserted into lumen 940 
through central lumen opening 923. Sealing member 930 
has a first region 935 which has an outer diameter substan 
tially the same as the outer diameter of the proximal end 912 
of catheter tubular body. Region 935 has a taper 934, 
reducing in diameter to a Second region 933 which has an 
outer diameter less than the inner diameter of lumen 940. 
Region 933 tapers over length 931 to form a plug mandrel 
wire 932. As a consequence, region 933 and plug mandrel 
wire 932 are slidably insertable into the proximal opening 
923 of catheter 12 and may freely move within lumen 940. 
In one preferred embodiment, region 935 has an outer 
diameter of about 0.013 inches, region 933 has an outer 
diameter of about 0.0086 inches, and plug mandrel wire has 
a diameter of about 0.005 inches, with region 933 and plug 
mandrel wire 932 being inserted into a catheter having a 
central lumen 940 with an inner diameter of about 0.009 
inches. 

0.091 The length of sealing member region 935 extend 
ing proximally of catheter 12 may vary in length depending 
upon the intended use environment. For example, where 
catheter 12 is to be used as a guide for other catheters in an 
“over-the-wire' embodiment, it is preferred that the total 
length of catheter 12 and sealing member region 935 be 
about 300 centimeters. Alternately, where catheter 12 is to be 
used in a Single operator or rapid exchange embodiment, it 
is preferred that the total length of catheter 12 and region 
935 be about 180 centimeters. Accordingly, with a known 
catheter length and use environment, an appropriate length 
for region 935 may be chosen. 

0092) Regions 935 and 933 and plug mandrel wire 932 
may all be made out of metals. Such as StainleSS Steel. 
Alternatively, combinations of materials may be used as 
well. For example, in Some applications it may be desirable 
to manufacture regions 935 and 933 out of stainless steel, 
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while manufacturing plug mandrel wire 932 out nitinol. 
Furthermore, the various Sealing member regions may be 
made from a Single metal wire Strand coined at various 
points to achieve the desired dimensional tolerances, or 
multiple Segments may be joined together to form Sealing 
member 930. 

0093. Where multiple segments are joined, region 935, 
region 933, and plug mandrel wire 932 are attached to one 
another by any Suitable means of bonding metal to metal, 
Such as Soldering, brazing, adhesives and the like. In one 
preferred embodiment, cyanoacrylate adhesives are used to 
adhere these various parts of sealing member 930 to one 
another. 

0094. As illustrated in FIGS. 6A and 6B, the outer 
diameter of sealing member region 933 is less than the inner 
diameter of lumen 940, such that region 933 is slidably 
insertable into lumen 940. In addition, the outer diameters of 
the tapered portions 931 and wire 932 are also small enough 
such that they too are slidably insertable in lumen 940. 
However, the outer diameter of region 935 is greater than the 
inner diameter 940, and thus only a small portion of tapered 
portion 934 of sealing member 930 between region 935 and 
region 933 is insertable into lumen 940 through opening 
923. Advantageously, this provides for a Snug interference fit 
when sealing member 930 is fully inserted into catheter 12. 
This interference fit provides a frictional force which coun 
teracts the tendency of the pressurized fluids and internal 
wire flexing in the catheter to push sealing member 930 out 
of opening 923. 

0.095 As illustrated in FIGS. 6A and 6B, sealing mem 
ber 930 has movement-force increasing structure which 
increases the force required to move sealing member 930 
within lumen 940. The movement-force increasing structure 
consists of waves 938a and 938b formed in wire 932 near its 
distal end. Waves 938a and 938b contact the inner Surface of 
lumen 940, thereby increasing the frictional force which 
must be overcome to move wire 932 within lumen 940. In 
one preferred embodiment, where wire 932 is made of 
nitinol and has an outer diameter of about 0.005 inches, and 
is inserted into a nitinol catheter which has an inner lumen 
940 with a diameter of about 0.090 inches, waves are formed 
on wire 932 for 1-2 cycles with an amplitude of about 0.016 
inches to increase the valve-opening movement force. 

0096 Alumen sealer portion 936 is coaxially and fixedly 
mounted on wire 932. Sealer portion 936 forms a fluid tight 
Seal with the outer diameter of wire 932 and the inner 
diameter of lumen 940, Such that fluid introduced into lumen 
940 through the inflation port 17 is prevented from flowing 
past sealer portion 936 when sealer portion 936 is inserted 
into lumen 940 distally of the inflation port 17. Sealer 
portion 936 forms the fluid tight seal by firmly contacting the 
entire inner circumference of a section of lumen 940 along 
a substantial portion of the length of sealer portion 936. 

0097 As shown in FIG. 6A, sealer portion 936 is posi 
tioned proximally of the inflation port 17, so that an unre 
Stricted fluid passageway exists between inflation port 17 
and the inflatable balloon at the distal end of catheter 12, 
which is like a valve “open’ position. In this position, region 
933 is shown partially withdrawn from opening 923. Refer 
ring to FIG. 6B, sealer portion 936 is positioned distally of 
inflation port 17, so that fluid flow between inflation port 17 
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and the inflatable balloon 14 at the distal end of catheter 12 
are substantially blocked, which is like a valve “closed” 
position. 

0.098 Catheter 12 is changed from the valve open posi 
tion to the valve closed position by the movement of Sealing 
member 930 and its various components. Preferably, the 
exact length of movement needed to change catheter 12 
from the valve closed to the valve open position is built into 
the movement function of the adaptor used to manipulate 
sealing member 930 thereby opening and closing the cath 
eter valve. In this regard, it is preferred that catheter 12 be 
used with an adaptor such as adaptor 30, which provides for 
Such controlled precise movement. 
0099] The “stroke-length”, or overall movement in one 
dimension, of sealing member 930 required to open or close 
the valve may be varied depending upon the catheter 
requirements. When relying upon the inflation adaptor to 
control movement, however, it is important that the move 
ment of the controlling elements of the adaptor be coordi 
nated with those of sealing member 930. In one embodi 
ment, where the inflation port 17 is positioned 36 mm from 
opening 923, a stroke length of 5.5 mm was found to be 
Suitable. 

0100 Referring to FIGS. 5 and 7, the inflation adapter 
30 comprises a housing having two halves 34, 36 preferably 
formed of metal, medical grade polycarbonate, or the like. 
The halves 34, 36 are attached by hinges 205 to be separated 
or joined in a clam shell manner. A locking clip 38 Secures 
the halves while the adapter 30 is in use. A groove within the 
housing has a width to accept the proximal end of the 
catheter 12 having the sealing member 930. The male luer 
member 24 (FIG. 5), or other suitable connector, extrudes 
from a top of the housing to provide an inflation passageway. 
Seals 280 are provided within the housing and around the 
internal segment 285 of the inflation pathway to conduct the 
pressurized fluid provided by the syringe 10 attached to the 
male luer member 24. 

0101) An actuator 40, shown in FIG. 5 at the top of the 
adapter housing, controls a cam which operates Sliding 
panels 291 (FIG. 7) contained in the housing. Preferably, the 
catheter 12 is positioned within the housing with the Sealing 
member 930 in the closed position (FIG. 6B), such that the 
side inflation port 17 is located in the sealed inflation area 
285 of the housing. An adjacent proximal portion of the 
catheter 12 extends outside the housing (and into the 
patient), and a proximal portion of the sealing member 930 
extends out of the other Side of the housing. The locking clip 
38 is then secured and then the syringe 10 may be attached. 
The actuator 40 is moved from a first position to a second 
position, Such that the Sliding panels 291 within the housing 
cause the sealing member 930 to be in an open position to 
allow fluid flow through the inflation port 17 (FIG. 6A). 
“Closing” the sealing member 930 is accomplished by 
moving the actuator 40 from the second position back to the 
first position (FIG. 6B), such that the balloon inflation is 
maintained. 

0102) 4. Multiple balloon embodiments 

0103) Referring now to FIGS. 8A and 8B, an alternative 
embodiment of the present invention is shown, in which a 
first balloon 300 and a secondballoon 305 bracket a stenosis 
site 310 within a vessel 315 during treatment, each balloon 
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preferably being located within 4 cm of that site. The 
balloons 300 and 305 are joined to a radiation catheter 320 
through which a guidewire 325 passes, which is preferably 
Similar in construction to guidewire 221. The radiation 
catheter 320 preferably has an O.D. of 0.070-0.120" and is 
preferably 120-130 cm in length (e.g., 100 cm of 73D 
PebaxTM adjoining 20-30 cm of 35D. PebaxTM). The 
guidewire 325 is located within a guidewire lumen 327 and 
is useful in positioning the radiation catheter 320 at the 
stenosis site 310. As shown in FIG. 8A, balloons 300 and 
305 are in fluid communication with respective inflation 
lumens 330 and 335, respectively, so that they can be 
independently inflated and deflated after being positioned 
within the vessel 315, thus permitting more accurate control 
of the balloons and reducing the risk of damaging healthy 
tissue. To permit the perfusion of blood, the radiation 
catheter 320 preferably has two perfusion holes 336 and 337 
located at respective ends of the radiation catheter, in which 
the holes 336 and 337 are connected by a perfusion lumen 
338, which is shown in FIG. 8B. 
0104. As in the embodiment of FIGS. 2A and 2B and the 
other embodiments herein, radiation may be delivered to the 
Stenosis site 310 in a number of ways, e.g., by bonding a 
radioactive source directly onto the radiation catheter 320, or 
by injecting either a radioactive fluid or more preferably a 
fluid that contains radioactive carriers 340 into a lumen 345. 
When injected into the radiation catheter 320, the fluid 
passes through the injection lumen 345 and then into a vent 
lumen 350 before leaving the radiation catheter 320. How 
ever, the injection lumen 345 preferably has a constriction 
355 (FIGS. 9A and 9B) therein so that the radioactive 
carriers 340 stop at the stenosis site 310. After the stenosis 
site 310 has been treated, the radioactive carriers 340 can be 
forced back out of the patient by injecting fluid into the vent 
lumen 350 and back out the injection lumen 345. 
0105. As shown in FIG. 9A, the radioactive carriers 340 
may be cylindrical (between 0.010 and 0.040" in diameter 
and between 0.020 and 0.200" in length), or as illustrated in 
FIG. 9B, they may be spherical. If the radioactive carriers 
340 are of other oblong shapes, they are preferably con 
Structed Such they can be easily injected into and retrieved 
from the injection lumen 345. The injection lumen 345 is 
preferably circular in cross section and 0.021-0.025" in 
diameter before the constriction 355, at which point it may 
taper down to only 0.010-0.015" in diameter. The first and 
last particles 360 in the train of radioactive carriers 340 are 
preferably radiopaque, and may comprise gold or platinum, 
to aid in locating the position of the radioactive carriers 340 
during Visual fluoroscopy. Alternatively, the radiation may 
be delivered as shown in FIG. 9C, in which radiopaque 
carriers 360' and radioactive carriers 340' are fastened to a 
pull wire 405 for insertion into an injection lumen 345". This 
technique obviates the need for a vent lumen. 
0106 Another embodiment utilizing two balloons is 
illustrated in FIGS. 10A and 10B, in which balloons 500 
and 510 are on the distal and proximal sides of the stenosis 
site 505, respectively. The distal balloon 500 is attached to 
a guidewire 515 that passes through a guidewire lumen 517 
within a catheter 520, the catheter being used for delivering 
radiation to the stenosis site 505 and having its own lumen 
522. The proximal balloon 510, on the other hand, is 
attached to a proximal catheter 525 that surrounds the 
radiation catheter 520. Thus, the distance separating the two 
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balloons 500 and 510 is variable, giving the clinician added 
flexibility when centering the radiation catheter 520 within 
the vessel at the Stenosis site. Further, the balloons 500 and 
510 are independently inflatable, the distal balloon 500 
preferably being in fluid communication with the interior of 
the guidewire 515, and the proximal balloon 510 being in 
fluid communication with an inflation lumen 530 within the 
proximal catheter 525. Radiation is preferably delivered to 
the stenosis site 505 using fluid that contains radioactive 
carriers. An injection lumen 535 and a vent lumen 540 
function similar to their counterparts in FIGS. 8A and 8B. 
Alternatively, a radiation Source can be fastened directly to 
the radiation catheter 520, as in the embodiments of FIGS. 
2A and 2B, or to a wire, as in FIG. 9C. 

0107 5. Balloon at or near the stenosis site 

0108 FIGS. 11A and 11B show another embodiment of 
the invention, in which a balloon 600 is attached to a catheter 
605 that delivers radiation to a stenosis site 610. Aguidewire 
615 within a lumen 617 in the catheter 605 facilitates proper 
placement of the catheter within the vessel 620. The balloon 
600 has radiopaque strips 630 thereon which substantially 
enclose a radiation Source 635 to Shield the Surroundings 
when the balloon is not inflated. The strips 630 are prefer 
ably gold or platinum. The balloon 600 is preferably con 
nected to an inflation lumen 640 running through the radia 
tion catheter 605, so that as the balloon is inflated, the strips 
630 move away from the radiation catheter 605, opening up 
uncovered portions 645 of the balloon between the strips to 
expose the stenosis site 610 to the radioactive source 635. 
The radioactive source 635 may be mounted directly to the 
radiation catheter 605 as indicated in FIG. 11B or be 
delivered through lumens in the form of radioactive carriers, 
as discussed in connection with the embodiments of FIGS. 
8A, 8B, 9A, 9B, 9C, 10A, and 10B. 

0109) An embodiment similar to that of FIGS. 11A and 
11B is shown in FIG. 12, in which an inner balloon 760 that 
is preferably noncompliant is inflated to contact and expand 
a slitted outer balloon 700. The Outer balloon 700 has slits 
770 between radiopaque strips 730 of preferably gold or 
platinum, the Slits being gaps in the Outer balloon that, for 
example, may have been cut out of the outer balloon. 

0110. When the inner balloon 760 is not inflated, the 
strips 730 of the outer balloon 700 form a substantially 
radiopaque shield around a radiation source 735. When the 
inner balloon 760 is inflated, however, the strips 730 of the 
outer balloon move away from each other and the radiation 
Source 735 so that the strips are separated by the slits 770. 
As the outer balloon 700 expands, the slits 770 increase in 
area So that radiation passes through the Slits to treat a 
Stenosis site. The inner balloon 760 may be inflated until the 
outer balloon 700 contacts the vessel to be treated so that the 
radiation Source 735 is centered in the vessel. The embodi 
ment of FIG. 12 also includes a radiation catheter 705, a 
guidewire 715, a guidewire lumen 717, and an inflation 
lumen 740 which function substantially like their counter 
parts in FIGS. 11A and 11B. In the embodiments of FIGS. 
11A, 11B, and 12, the balloons 600 and 700 may be 
periodically deflated and rotated, So that the Stenosis site is 
more uniformly irradiated (i.e., so that portions of the 
Stenosis site occluded by the radiopaque strips 630 and 730 
are irradiated). 
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0111 Radiation Centering Embodiments. Using One or 
More Expandable Structures 

0112 The embodiments discussed below are similar to 
the previously discussed embodiments, except that expand 
able Structures are employed rather than inflatable balloons. 
The expandable Structures can comprise, for example, coils, 
ribs, a ribbon-like Structure, a Slotted tube, a filter-like mesh, 
or a braid. The expandable structures are preferably “spring 
like” in nature, i.e. they are preferably resilient to facilitate 
their deployment or retraction. In addition, the expandable 
Structures may optionally be radially asymmetrical with 
respect to the radiation catheter to which they are joined, 
such that treatment is delivered asymmetrically within the 
vascular Segment. Any one of a number of ways may be used 
to Secure the expandable Structures to their respective 
sheaths, catheters, etc., Such as welding, adhesives, or using 
rings to hold them in place. AS in the previous embodiments, 
the radioactive Source used in the expandable structure 
embodiments below may be secured directly onto the radia 
tion catheter or delivered to the Stenosis site through a 
lumen, e.g., a radioactive fluid, a fluid containing radioactive 
carriers, or a wire to which radioactive carriers are fastened. 
Details regarding intravascular occlusive devices are 
described in ASSignee's co-pending U.S. application Ser. 
No. , filed on the same day herewith (Atty. Docket 
No. PERCUS.001CP2), entitled OCCLUSION OF A VES 
SEL, which is hereby incorporated by reference. 

0113 1. A single distal braid 

0114. In FIGS. 13A and 13B, for example, an embodi 
ment is disclosed that is Substantially analogous to that 
shown in FIGS. 2A and 2B. A radiation catheter 800 
delivers a radioactive source 810 to a stenosis site 840, and 
a guidewire 820 within the radiation catheter aids the 
clinician in properly positioning the radiation catheter within 
the vessel 835 to be treated. A shield catheter 850 may be 
used to protect the Surroundings and perSonnel from 
unwanted radioactive exposure. 
0115) An expandable structure (in this embodiment, a 
braid) 830 is preferably attached on its proximal end to the 
guidewire 820 and can be deployed, for example, with a pull 
wire 831 that passes through the radiation catheter 800. The 
braid 830 is shown in FIGS. 13A and 13B in the undeployed 
position and in FIG. 14A in the deployed position. When the 
braid 830 is deployed, it acts to center the radiation catheter 
800 within the vessel 835 near the Stenosis site 840. The 
braids of these embodiments are preferably Elgiloy TM, Niti 
nol, or Stainless Steel, preferably resilient, and are preferably 
either thin wires of 0.002-0.010" diameter, or tiny ribbons of 
0.002-0.005" in thickness and 0.005-0.010" in width. The 
braid 830 of FIGS. 13A, 13B, and 14A is shown as being the 
type that is deployed with a pull wire 831, but a self 
expanding braid, such as that shown in FIGS. 15, 16A, and 
16B can also be used. 

0116. The braid 830 is preferably porous enough to 
facilitate the perfusion of blood. 
0117. A preferred way of deploying the pull wire type 
braid 830 is shown in FIGS. 14A and 14B. F.G. 14A 
illustrates the braid 830 being deployed by the pull wire 831, 
which is attached to the distal end of the braid. A rotatable 
handle 860 is attached to a locking element 865 which in 
turn is fastened to the pull wire 831. When the locking 
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element 865 clears the catheter 800 within which it resides 
(which is preferably outside the patient), the locking element 
and rotatable handle 860 may be oriented as illustrated in 
FIG. 14B to keep the pull wire 831 taught, thereby prevent 
ing the braid 830 from returning to its undeployed position. 
The pull wire may be made of Stainless or nitinol and may 
have a diameter of 0.006-0.008 inches. 

0118. An alternative to the deployment apparatus illus 
trated in FIGS. 14A and 14B is shown in FIG. 14C, in 
which a handle member 190 is grasped by the clinician to 
retract the pull wire 831, thereby deploying the expandable 
Structure. Once extended, the expandable Structure prefer 
ably has the tendency to return to its undeployed position, 
which in the process pulls the pull wire 831 back into the 
catheter 800. This can be prevented by inserting a spacer 
member 194 between the handle member 190 and the 
catheter 800. After the medical procedure is complete, and 
occlusion of the vessel is no longer required, the Spacer 
member 194 can be removed and the pull wire 831 and the 
expandable mechanism returned to their respective unde 
ployed positions. The device can then be removed from the 
patient. 

0119 2. A plurality of braids 

0120 Another embodiment illustrating the use of braids 
is illustrated in FIG. 15, which is substantially analogous to 
the two-balloon embodiment of FIGS. 10A and 10B. A 
distal braid 1000 and a proximal braid 1010 are preferably 
positioned on either side of a stenosis site 1005. When 
deployed as in FIG. 15, the braids 1000 and 1010 secure a 
radiation catheter 1020 and its radiation Source 1022, so that 
the stenosis site 1005 can be uniformly irradiated. A 
guidewire 1024 aids the clinician in positioning the radiation 
catheter 1020 within the patient. The distal braid 1000 in this 
embodiment is attached to the radiation catheter 1020, 
whereas the proximal braid 1010 may be secured to a 
proximal catheter 1025. Although pull wire braids can be 
used in this embodiment and in the embodiment of FIGS. 
16A and 16B below, braids 1000 and 1010 are illustrated as 
being self-expanding. For example, the braids 1000 and 
1010 may fit within a sheath 1050 before they are deployed, 
and be collapsed by the sheath 1050 after treatment but 
before the device is removed from the patient. Alternatively, 
proximal sheath 1025 may act as a sheath for the distal braid 
1000, alternately deploying and collapsing it. 

0121 An alternative two-braid embodiment is shown in 
FIGS. 16A and 16B, in which two self-expanding braids are 
used, a distal braid 1100 and a proximal braid 1110 that 
Surround a stenosis site 1105 to be treated. The braids 1100 
and 1110 are shown in the deployed position and are 
attached to indentations 1116 on a radiation catheter 1120 
(preferably made of Nylon, polyethylene, or PebaxTM), so 
that the braids do not extend in the radial direction Substan 
tially beyond where the radiation catheter 1120 would 
extend if it were not dented. A sheath 1150 is used for 
alternately deploying and collapsing the braids 1100 and 
1110. When they are deployed, the braids 1100 and 1110 
help center the radiation catheter 1120 within the vessel to 
be treated. Aguidewire 1124 aids the clinician in positioning 
the radiation catheter 1120 within the patient. As discussed 
in connection with the previous embodiments, radiation can 
be delivered, for example, through lumens within the radia 
tion catheter 1120 (e.g. radioactive fluid, radioactive carriers 
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within a fluid, or radioactive carriers fastened to a wire) or 
by using a radioactive Source attached directly to the radia 
tion catheter. 

0122) The self-expanding braids 1100 and 1110 are 
shown in FIGS. 16A and 16B as extending less than 360 
degrees around the radiation catheter 1120, thereby reducing 
the risk of clot formation and permitting blood to flow 
around the braids. 

0123 For example, the distal braid 1100 is illustrated in 
FIG. 16B as Supporting the radiation catheter 1120, but its 
radial extent around the radiation catheter is limited. 

0.124 Likewise, the proximal braid 1110 extends only 
partially around the radiation catheter 1120. 

0.125 3. Other expandable structures 

0.126 The embodiments below also center a radiation 
delivering device in a vessel. It will be understood by those 
in the art that the following embodiments can be combined 
with the various radiation delivery technologies disclosed 
herein to form intravascular radiation therapy devices, espe 
cially Self-centering devices. In particular, the flexible elon 
gate members discussed below may be catheterS Such as 
radiation catheters. 

0127. Another embodiment using a braided structure is 
shown schematically in FIG. 17, in which a flexible elon 
gate member 3020 is disposed within a second elongate 
member 3024 Such as a hypotube. A Self expanding mecha 
nism 3028 Such as a braided structure is secured to the distal 
end of the elongate member 3020, preferably within an 
indentation 3032 of member 3020, and centers one or both 
of the flexible elongate members 3020 and 3024 within the 
patient's vessel 3040. The braided structure 3028 may be 
partially encapsulated by a preferably elastomeric mem 
brane 3036 that contacts the patient's vessel 3040 and 
protects the vessel from abrasion. (Alternatively, a coating 
Such as a polymeric coating may used in place of the 
membranes disclosed herein.) In this and the other embodi 
ments, adhesive may be used to Secure the Self-expanding 
mechanism 3028 and the membrane 3036 to the elongate 
member 3020. In the embodiment of FIG. 17, the braided 
structure 3028 and membrane 3036 are designed to be 
asymmetrical, with more material being concentrated at the 
proximal side of the structure 3028. The braids of the 
embodiments disclosed herein may be stainless steel 304 or 
400, Superelastic or heat activated Nitinol, or a polymer 
base, Such as polyethylene or polypropylene. They may be 
constructed, for example, by using Standard equipment Such 
as a braider. 

0128. Although the embodiment of FIG. 17 shows the 
flexible elongate member 3020 connected to a guidewire tip 
3044, other technologies for guiding the device through the 
patient’s vessel 3040 may be used in this and the following 
embodiments, Such as a guidewire (either over the wire or 
Single operator) or the exchange catheter method, as is well 
known in the art. Also, although not explicitly shown in the 
embodiment of FIG. 17 and the other embodiments herein, 
these embodiments may include various lumens (e.g., for 
delivering radiation), aspiration and irrigation fittings, and 
collar. 
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0129. Although the membrane 303.6 may be impervious 
to the flow of blood (FIG. 18A) for those applications not 
requiring perfusion, a perforated membrane 3036' (FIG. 
18B) having numerous holes 3037 therein is preferably used 
in other applications to allow the passage of blood. The holes 
3037 are preferably greater than 10 microns in diameter and 
may be up to 80 microns or more in diameter to permit the 
passage of blood cells (nominally 6-10 microns in diameter) 
through the membrane 3036' while blocking larger particu 
lates such as emboli. Likewise, a perforated membrane 3036 
is preferably used in the following embodiments. Antithrom 
bogenic coatings can be used (e.g., heparin) to prevent 
thrombosis formation. 

0130 FIG. 19 shows a self-centering embodiment in 
which a braided structure 3050 is not enclosed by a mem 
brane. When the braided structure 3050 comprises, for 
example, a diamond mesh pattern in which adjacent wires 
are separated by about 10-80 microns, the braided structure 
permits the passage of red blood cells, while blocking the 
flow of matter that may be undesirable, e.g., emboli or other 
particulates that may be formed or dislodged during medical 
procedures. Thus, this embodiment is well Suited for appli 
cations for perfusion. 
0131 Alternative self-expanding media for self-center 
ing are shown in FIGS. 20 and 21. In FIGS. 20 and 21, a 
Self-expanding filter-like mesh 60 and a Self-expanding 
Slotted tube 72, respectively, may be optionally Surrounded 
by a membrane 62 that is preferably perforated and elasto 
meric. The filter-like mesh 60 (or slotted tube 72) and 
membrane 62 are bonded or otherwise secured to a flexible 
elongate member 64, e.g., to an indentation therein. AS with 
the other Self-expanding media disclosed herein, the filter 
like mesh 60 (or slotted tube 72) expands from its unex 
panded state when the flexible elongate member 64 is 
pushed through a Second elongate member 66, or alterna 
tively, when the Second elongate member 66 is retracted 
over the first elongate member 64. The filter-like mesh 60 (or 
slotted tube 72) then expands so that the membrane 62 (if 
one is used) contacts the Surrounding vessel 68 to center one 
or both of the flexible elongate members 64 and 66, one of 
which is preferably a radiation catheter. A guidewire tip 69 
aids in guiding the device through the vessel 68. The 
filter-like mesh 60 and slotted tube 72 are of a suitable shape 
memory material such as Nitinol or (304 or 400) stainless 
steel. The filter-like mesh 60 is analogous to steel wool, 
whereas the slotted tube 72 is like a stent in appearance. The 
slotted tube 72 may be constructed, for example, by irradi 
ating a thin-walled tube with a laser beam to form holes in 
the tube in the shape of polygons Such as oblong quadrilat 
erals. An unexpanded, slotted tube 75 is shown in FIG. 22. 
0132 FIG. 23 illustrates another self-centering embodi 
ment, in which a coil 80 serves as the self-expanding 
mechanism. The coil 80 (which may be radioactive or have 
radioactive material fastened to it) may be integrally formed 
with a first elongate member 82 (Such as a radioactive wire) 
or be otherwise Specially joined to it, e.g., by welding or 
brazing the coil to the elongate member 82. The coil 80 may 
be surrounded by a preferably perforated membrane 84 that 
expands with the coil when it is pushed out of a Second 
elongate member 86 (which may be a radiation catheter), or 
alternatively, when the second elongate member 86 is 
retracted from the coil 80. Thus, the membrane 84 (if one is 
used) contacts the surrounding vessel 90. The membrane 84 
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may be attached directly to the first elongate member 82, or 
to a member 88 Such as a disk that is in turn secured to the 
coil 80 or the first elongate member 82. A guidewire tip 92 
for guiding the device through the vessel 90 may be attached 
to the first elongate member 82 or to the member 88, if one 
is used. 

0133) An embodiment similar to that shown in FIG. 23 
is illustrated in FIG. 24, in which the membrane 84 is 
Secured at the proximal end to a separate sheath 94. In this 
case, the sheath 94 and the first elongate member 82 are 
retracted together over the Second elongate member 86, or 
alternatively, they may be respectively pushed over and 
through the Second elongate member. 
0134) Another embodiment for centering a radiation 
therapeutic device within a vessel that employs a Self 
expanding medium is shown in FIG. 25, in which a plurality 
of ribbons 2100 contact a vessel wall 2104 or a (preferably 
perforated) membrane 2102 to urge the membrane towards 
the wall of the vessel 2104. The ribbons 2100 of this 
embodiment are preferably Secured to a first elongate mem 
ber 2106 at both ends of the ribbons, by, for example, gluing 
them in place. The ribbons may be 0.001-0.004"x0.005 
0.020"x0.25-1.0" strips of Nitinol, stainless steel, or 
Elgiloy TM, which expand when urged out of the second 
elongate member 2108. A guidewire tip 2110 may be used 
for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 2106. 
The first elongate member 2106 or the second elongate 
member 2108 may be a radiation catheter. 
0135 FIG. 26 illustrates an embodiment similar to the 
one in FIG. 25, in which ribs 2120 Such as wires form a 
series of semicircular arcs when expanded. The ribs 2120 
may be surrounded by a (preferably perforated) membrane 
2122 that expands with the ribs to contact the vessel 2130 to 
center the device within the vessel 2130. The number of ribs 
2120 is preferably at least three. The ribs 2120 are preferably 
attached directly to a first elongate member 2124 that is 
Surrounded by a Second elongate member 2126, either of 
which may be a radiation catheter. The ribs 2120 themselves 
are preferably made of a shape memory material Such as 
Nitinol or stainless steel. A guidewire tip 2128 aids in 
guiding the device through the vessel 2130. 
0.136 AS in the other self-expanding embodiments, the 
self-expanding mechanism 2100 (2120) is in an unexpanded 
state when enclosed by the second elongate member 2108 
(2126), and expands when pushed or pulled beyond the 
second elongate member 2108 (2126). 
0.137 Centering mechanisms that are not self-expanding 
can also be used to center a radiation delivery device (Such 
as a catheter) within a vessel, as is described below. In the 
embodiment of FIGS. 27-29, a first elongate member 140, 
preferably a pull wire, is (when the device is completely 
assembled) attached to a brace member 144 that is in turn 
attached to a first ring member 148. Adjoining the first ring 
member 148 and a second ring member 152 are a plurality 
of ribbons 156 that extend between the two ring members. 
Surrounding the ribbons 156 there may be a (preferably 
perforated) membrane 160 (shown in partial cutaway in 
FIGS. 27, 28, 30A, 30B, 30C, and 30D) that contacts the 
patient’s vessel 162 when the ribbons are expanded. If it is 
used, the membrane 160 is joined to at least one and 
preferably both of the ring members 148 and 152. The 
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membrane 160 can be joined to only one of the ring 
members 148 and 152, for example, when the membrane 
160 extends far enough in the longitudinal direction to 
permit the membrane to contact the vessel 162 when the 
ribbons 156 are deployed. 

0.138. To assemble the device, the first and second ring 
members 148 and 152, the ribbons 156, and the membrane 
160 are placed as a unit around a Second elongate member 
166, which has a pair of oppositely facing holes 170 and 
172. The second elongate member 166 may be a radiation 
catheter, for example. The brace member 144 is inserted 
through the holes 170 and 172 and secured to both the pull 
wire 140 and the first ring member 148. Further, the second 
ring member 152 is Secured to the Second elongate member 
166. This assembled configuration, with the ribbons 156 in 
their longitudinal orientation, is illustrated in FIG. 28. As 
illustrated in FIG. 29, when the pull wire 140 is retracted, 
the ribbons 156 (shown in phantom) and the membrane 160 
that Surrounds them are urged towards the vessel 162, where 
the membrane contacts the vessel to center the Second 
elongate member 166. The ribbons 160 are preferably resil 
ient enough that they return to their longitudinal orientation 
when the pull wire 140 is released. The elasticity and 
resilience of the pull wire 140 also helps the ribbons 156 
return to their undeployed configuration. A guidewire tip 
171 may be used to assist in guiding the device to the desired 
location in the vessel 162. Preferred ways of deploying 
guidewires are discussed above in connection with FIGS. 
14A, 14B, and 14C. 
0.139. Although the principle of using a nonself-expand 
ing mechanism has been illustrated in FIGS. 27-29 with 
respect to deformable ribbons, other nonself-expanding 
mechanisms can be employed in conjunction with the brace 
member 144 and the first and second ring members 148 and 
152. For example, instead of using ribbons 156, a nonself 
expanding braided structure 200 can be used, in which the 
braided structure 200 adjoins first and second ring members 
148 and 152 and is optionally covered with a preferably 
perforated membrane 160 (to allow perfusion) to form the 
unit 204 shown in FIG. 30A. The unit 204 can be used in 
conjunction with an elongate member 166, a brace member 
144, a guidewire tip 171, a first elongate member 140 such 
as a pull wire, a rotatable handle 180, and a locking member 
184 to form a device analogous to the ribbon-based device 
of FIG. 27. Alternatively, other mechanisms can be used for 
securing the pull wire 140, such as a handle member 190 and 
a spacer member 194. 

0140. Other nonself-expanding mechanisms such as a 
filter-like or fibrous mesh 208, a slotted tube 212, and coils 
217 can be used to form units 220, 230, and 240 analogous 
to the braided structure unit 204, as shown in FIGS. 30B 
30D. Units 220, 230, and 240 can likewise be used to 
construct devices analogous to the ribbon-based device 
illustrated in FIGS. 27-29. Further, if unit 204 is used 
without a membrane, it may assist in blood perfusion if the 
braided structure 200 is suitably constructed. Alternatively, 
perforated membranes like membranes 3036' of FIG. 18B 
may assist in blood perfusion. Although the ribbons 156, the 
braided structure 200, the filter-like mesh 208, the slotted 
tube 212, and the coils 217 must be actively deployed (e.g. 
with a pull wire 140), they are nevertheless similar to their 
Self-expanding counterparts. 
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0.141. The centering technology disclosed herein can be 
utilized in other procedures, Such as in atherectomy, as 
shown in FIG. 31, which shows an embodiment that is 
analogous in many respects to the embodiment of FIG. 10A. 
A proximal catheter 525" surrounds an atherectomy catheter 
520' to which a boring mechanism 502' is attached. When 
the atherectomy catheter 520' rotates, the boring mechanism 
502' engages a stenosis site 505" to widen the constriction. 
The device may be centered with distal and proximal 
balloons 500' and 510', or alternatively, with expandable 
structures such as those disclosed herein. A guidewire 515 
may be used when positioning the device within the vessel. 
0142. Another application of the centering technology 
disclosed herein is illustrated in FIG. 32, in which a laser 
beam 503" is preferably directed through a fiber optic 504" 
onto a vessel or a vessel's stenosis site 505". A proximal 
balloon 510" (alternatively, an expandable structure such as 
that disclosed herein) may be used to position, aim, or center 
the device. The balloon 510" is preferably secured to a 
proximal catheter 525". 
0143. It should be understood that the scope of the 
present invention is not be limited by the illustrations or the 
foregoing description thereof, but rather by the appended 
claims, and certain variations and modifications of this 
invention will Suggest themselves to one of ordinary skill in 
the art. 

What is claimed is: 

1. A radiation device for treating a Segment of a vessel in 
a patient, comprising: 

a catheter for delivering radiation; 

a radioactive Source in proximity with Said radiation 
catheter; 

a noncompliant balloon around Said radioactive Source; 
a lumen within Said radiation catheter that is in fluid 

communication with Said noncompliant balloon, per 
mitting inflation and deflation of Said noncompliant 
balloon; and 

a compliant balloon that Surrounds Said noncompliant 
balloon, wherein Said compliant balloon expands as 
Said noncompliant balloon expands to radioactively 
treat the vascular Segment. 

2. The device of claim 1, in which said compliant balloon 
has slits therein, the area of Said slits increasing as Said 
compliant balloon expands to more directly expose the 
vascular Segment to radioactive treatment. 

3. The device of claim 2, in which said compliant balloon 
comprises a shielding layer to prevent unwanted radioactive 
exposure of the Surroundings when Said compliant balloon is 
not inflated. 

4. The device of claim 3, in which said shielding layer 
comprises a material Selected from the group consisting of 
platinum and gold. 

5. The device of claim 1, further comprising a guidewire 
within Said radiation catheter for directing Said radiation 
catheter through the vessel. 

6. A radiation device for treating a Segment of a vessel in 
a patient, comprising: 
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a catheter for delivering radiation; 
a radioactive Source in proximity with Said radiation 

catheter; 
a balloon around Said radioactive Source; 
a lumen within Said radiation catheter that is in fluid 

communication with Said balloon, permitting inflation 
and deflation of said balloon; and wherein 

Said balloon has Strips of material thereon that Substan 
tially Shield the Surroundings from unwanted radioac 
tive exposure when Said balloon is not inflated, the area 
between Said Strips increasing as Said balloon expands 
to more directly expose the vascular Segment to radio 
active treatment. 

7. The device of claim 6, further comprising a guidewire 
within Said radiation catheter for directing Said radiation 
catheter through the vessel. 

8. A Self-positioning radiation device for treating a Seg 
ment of a vessel in a patient, comprising: 

a catheter for delivering radiation; 
at least one expandable structure for Securing Said radia 

tion catheter within the vessel; and 
a radioactive Source for treating the vascular Segment, 

Said radioactive Source in proximity with Said radiation 
catheter. 

9. The device of claim 8, in which said expandable 
Structure is Self-expanding. 

10. The device of claim 9, in which said self-expanding 
expandable Structure is attached to an indentation on Said 
radiation catheter. 

11. The device of claim 8, in which said expandable 
Structure is braided and attached to a pull wire that deploys 
Said at least one expandable structure. 

12. The device of claim 8, in which said expandable 
Structure is attached to Said guidewire. 

13. The device of claim 8, in which the radial extent of 
Said expandable Structure when Said expandable Structure is 
deployed around Said radiation catheter is less than 360 
degrees, permitting perfusion around Said expandable struc 
ture and reducing the risk of clot formation within Said 
expandable Structure. 

14. The device of claim 8, in which one expandable 
Structure is located distal to the vascular Segment. 

15. The device of claim 8, further comprising a guidewire 
within Said radiation catheter for directing Said radiation 
catheter through the vessel. 

16. The device of claim 8, comprising two expandable 
StructureS. 

17. The device of claim 16, further comprising a sheath 
for expanding and compressing Said expandable structures. 

18. The device of claim 16, further comprising a proximal 
catheter that acts as a sheath for expanding and compressing 
one of Said expandable Structures. 

19. The device of claim 18, in which one of said expand 
able structures is attached to Said proximal catheter and the 
other of Said expandable Structures is attached to Said 
radiation catheter. 

20. The device of claim 16, in which both of Said 
expandable Structures are attached to Said radiation catheter. 

21. The device of claim 20, further comprising a sheath 
for expanding and compressing both of Said expandable 
StructureS. 
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22. The device of claim 8, further comprising: 
an injection lumen within Said radiation catheter for 

accepting fluid that contains radioactive carriers, Said 
injection lumen having a constriction therein beyond 
which said carriers cannot advance, Said constriction 
positioned So that Said carriers effectively treat the 
vascular Segment; and 

a vent lumen, wherein Said injection lumen and Said vent 
lumen are in fluid communication with each other, 
permitting Said carriers to be injected into Said injection 
lumen by passing Said fluid from Said injection lumen 
into Said vent lumen, Said carriers being retrieved by 
passing Said fluid from Said vent lumen into Said 
injection lumen. 

23. A method of treating a Segment in a vessel, compris 
Ing: 

inserting a catheter into the vessel; 
inserting a plurality of balloons into the vessel, wherein at 

least two of the balloons are independently inflatable; 
inflating at least two of the independently inflatable 

balloons to position the catheter away from the walls of 
the vessel; and 

exposing the vascular Segment to radiation treatment. 
24. The method of claim 23, further comprising: 
deflating the inflated balloons after the treatment; and 
removing the balloons and the catheter from the vessel. 
25. The method of claim 23, in which said exposing of the 

vascular Segment to radiation comprises injecting radioac 
tive carriers through a lumen in the catheter. 

26. A method of treating a Segment in a vessel, compris 
Ing: 

inserting a first balloon into the vessel; 
placing the balloon near the vascular Segment to be 

treated; and 
expanding the balloon to expose the vascular Segment to 

radiation that is concentrated along an axis centered 
within the balloon. 

27. The method of claim 26, in which the balloon is 
attached to a catheter. 

28. The method of claim 26, in which the balloon has 
radiopaque Strips thereon for Shielding the Surroundings 
from radiation when the balloon is not inflated. 

29. The method of claim 28, wherein 

the first balloon has slits between the strips; and 
Said expanding the first balloon comprises inflating a 

Second balloon to expand the first balloon, the Second 
balloon being in contact with and located within the 
first balloon. 

30. A method of treating a Segment in a vessel, compris 
ing: 

inserting a catheter into the vessel; 
inserting at least one expandable structure into the vessel; 
expanding the expandable Structure to position the cath 

eter away from the walls of the vessel; and 
treating the vascular Segment by exposing it to radiation. 
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31. The method of claim 30, further comprising: 

compressing the expandable structure after treatment, and 

removing the expandable Structure and the catheter from 
the vessel. 

32. The method of claim 30, in which said exposing of the 
vascular Segment to radiation comprises injecting radioac 
tive carriers through a lumen in the catheter. 

33. The method of claim 30, in which said expanding the 
expandable Structure comprises pulling on a wire. 

34. The method of claim 30, in which at least two 
expandable Structures are used to position the catheter. 

35. The method of claim 34, in which a plurality of 
sheaths are used to deploy and compress the expandable 
StructureS. 
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36. The method of claim 30, in which said treating the 
vascular Segment comprises introducing radioactive carriers 
attached to a wire. 

37. A radiation device for treating a Segment of a vessel 
in a patient, comprising: 

a catheter; 
a guidewire within Said catheter for directing Said catheter 

through the vessel; and 
a radioactive Source fastened directly onto Said catheter. 
38. The device of claim 37, further comprising a retract 

able shield that Surrounds Said radioactive Source when the 
vascular Segment is not being treated. 

39. The device of claim 37, in which said radioactive 
Source is bonded onto Said catheter. 

k k k k k 


