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(57) ABSTRACT 

Disclosed is a sealed radiation source, Which may be used to 
deliver a radioactive dose to a site in a body lumen. The 
source comprises a thin ?exible substrate, and a layer of 
radioisotope attached thereto. The source may further com 
prise additional layers such as one or more tie layers 
disposed betWeen the substrate and the radioisotope layer 
and one or more outer coating layers. In one embodiment, 
the source is Wrapped around an in?atable balloon. In?ation 
of the balloon at a treatment site positions the source directly 
adjacent to the vessel Wall, and alloWs irradiation of the site 
following or simultaneously With a balloon angioplasty, 
stent implantation, or stent siZing procedure. 
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MULTI LAYER RADIATION DELIVERY BALLOON 

RELATED APPLICATION DATA 

[0001] This application is a continuation in part of Ser. No. 
09/253,433, ?led Feb. 19, 1999, Which is a continuation-in 
part of Ser. No. 09/025,921, ?led Feb. 19, 1998. 

FIELD OF THE INVENTION 

[0002] This invention relates to catheters used to deliver 
radiation to prevent or sloW restenosis of an artery trauma 
tiZed such as by percutaneous transluminal angioplasty 
(PTA). 

BACKGROUND OF THE INVENTION 

[0003] PTA treatment of the coronary arteries, percutane 
ous transluminal coronary angioplasty (PTCA), also knoWn 
as balloon angioplasty, is the predominant treatment for 
coronary vessel stenosis. Approximately 300,000 proce 
dures Were performed in the United States in 1990 and 
nearly one million procedures WorldWide in 1997. The US. 
market constitutes roughly half of the total market for this 
procedure. The increasing popularity of the PTCA procedure 
is attributable to its relatively high success rate, and its 
minimal invasiveness compared With coronary by-pass sur 
gery. Patients treated by PTCA, hoWever, suffer from a high 
incidence of restenosis, With about 35% or more of all 
patients requiring repeat PTCA procedures or by-pass sur 
gery, With attendant high cost and added patient risk. 

[0004] Recent attempts to prevent restenosis by use of 
drugs, mechanical devices, and other experimental proce 
dures have had limited long term success. Stents, for 
example, dramatically reduce acute reclosure, and sloW the 
clinical effects of smooth muscle cell proliferation by enlarg 
ing the minimum luminal diameter, but otherWise do nothing 
to prevent the proliferative response to the angioplasty 
induced injury. 

[0005] Restenosis is noW believed to occur at least in part 
as a result of injury to the arterial Wall during the lumen 
opening angioplasty procedure. In some patients, the injury 
initiates a repair response that is characteriZed by hyper 
plastic groWth of vascular cells in the region traumatiZed by 
the angioplasty Which is termed neointimal hyperplasia. 
Neointimal hyperplasia narroWs the lumen that Was opened 
by the angioplasty, regardless of the presence of a stent, 
thereby necessitating a repeat PTCA or other procedure to 
alleviate the restenosis. 

[0006] Preliminary studies indicate that intravascular 
radiotherapy (IVRT) has promise in the prevention or long 
term control of restenosis folloWing angioplasty. IVRT may 
also be used to prevent or delay stenosis folloWing cardio 
vascular graft procedures or other trauma to the vessel Wall. 
Proper control of the radiation dosage, hoWever, appears to 
be important to inhibit or arrest hyperplasia Without causing 
excessive damage to healthy tissue. Overdosing of a section 
of blood vessel can cause arterial necrosis, in?ammation, 
hemorrhaging, and other risks discussed beloW. Underdos 
ing Will result in inadequate inhibition of smooth muscle cell 
hyperplasia, or even exacerbation of hyperplasia and result 
ing restenosis. 

[0007] The prior art contains many examples of catheter 
based radiation delivery systems. The simplest systems 
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disclose seed train type sources inside closed end tubes. An 
example of this type of system can be found in US. Pat. No. 
5,199,939 to Dake. In order to separate the radiation source 
from the catheter and alloW re-use of the source, a delivery 
system is disclosed by US. Pat. No. 5,683,345 to Waksman 
et al. Where radioactive source seeds are hydraulically driven 
into the lumen of a closed end catheter Where they remain 
for the duration of the treatment, after Which they are 
pumped back into the container. Later disclosures integrated 
the source Wire into catheters more like the type common in 
interventional cardiology. In this type of device, a closed end 
lumen, through Which is deployed a radioactive source Wire, 
is added to a conventional catheter construction. A balloon 
is incorporated to help center the source Wire in the lumen. 
It is supposed that the radioactive source Wire Would be 
delivered through the catheter With a commercial type 
afterloader system produced by a manufacturer such as 
Nucletron, BV. These types of systems are disclosed in 
Liprie US. Pat. No. 5,618,266, Weinberger US. Pat. No. 
5,503,613, and BradshaW US. Pat. No. 5,662,580. 

[0008] In the systems disclosed by Dake and Waksman, 
the source resides in or very near the center of the catheter 
during treatment. HoWever, it does not necessarily reside in 
the center of the artery. The systems disclosed by Wein 
berger and BradshaW further include a centering mecha 
nism, such as an in?atable balloon, to overcome this short 
coming. In either case, the source activity and energy must 
be high enough to overcome absorption loss encountered as 
the particles traverse the lumen of the blood vessel to get to 
the target tissue site in the vessel Wall. Higher activity and 
energy sources, hoWever, can have undesirable conse 
quences. First, the likelihood of radiation inadvertently 
affecting untargeted tissue is higher because the absorption 
factor per unit tissue length is loWer. Second, the higher 
activity and energy sources are more haZardous to the 
medical staff and thus require additional shielding during 
storage and additional precaution during use. In addition, the 
source of any activity or energy may or may not be exactly 
in the center of the lumen, so the dose calculations are 
subject to error factors due to non-uniformity in the radial 
distance from the source surface to the target tissue. The 
impact of these factors is a common topic of discussion at 
recent medical conferences addressing Intravascular Radia 
tion Therapy, such as the Trans Catheter Therapeutics con 
ference, the Scripps Symposium on Radiotherapy, the 
Advances in Cardiovascular Radiation Therapy meeting, the 
American College of Cardiology meeting, and the American 
Heart Association Meeting. 

[0009] The impact on treatment strategy is discussed in 
detail in a paper discussing a removable seed system similar 
to the ones disclosed above (Tierstein et al., Catheter based 
Radiotherapy to Inhibit Restenosis after Coronary Stenting, 
NEJM 1997; 336(24):1697-1703). Tierstein reports that 
Scripps Clinic physicians inspect each vessel using ultra 
sonography to assess the maximum and minimum distances 
from the source center to the target tissue. To prevent a dose 
haZard, they Will not treat vessels Where more than about a 
4X differential dose factor (8-30 Gy) exists betWeen the near 
vessel target and the far vessel target. Differential dose 
factors such as these are inevitable for a catheter in a 
curvilinear vessel such as an artery, and Will invariably limit 
the use of radiation and add complexity to the procedure. 
Moreover, the paper describes the need to keep the source in 
a lead transport device called a “pig”, as Well as the fact that 
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the medical staff leaves the catheteriZation procedure room 
during the treatment. Thus added complexity, time and risk 
is added to the procedure caused by variability of the 
position of the source Within the delivery system and by the 
activity and energy of the source itself. 

[0010] In response to these dosimetry problems, several 
more inventions have been disclosed in an attempt to 
overcome the limitations of the high energy seed based 
systems. These systems share a common feature in that they 
attempt to bring the source closer to the target tissue. For 
example, US. Pat. No. 5,302,168 to Hess teaches the use of 
a radioactive source contained in a ?exible carrier With 

remotely manipulated WindoWs; Fearnot discloses a Wire 
basket construction in US. Pat. No. 5,484,384 that can be 
introduced in a loW pro?le state and then deployed once in 
place; Hess also purports to disclose a balloon With radio 
active sources attached on the surface in US. Pat. No. 
5,302,168; Hehrlein discloses a balloon catheter coated With 
an active isotope in WO 96/22121; and BradshaW discloses 
a balloon catheter adapted for use With a liquid isotope in 
US. Pat. No. 5,662,580. The purpose of all of these inven 
tions is to place the source closer to the target tissue, thus 
improving the treatment characteristics of dosimetry. 

[0011] In a non-catheter based approach, US. Pat. No. 
5,059,166 to Fischell discloses an IVRT method that relies 
on a radioactive stent that is permanently implanted in the 
blood vessel after completion of the lumen opening proce 
dure. Close control of the radiation dose delivered to the 
patient by means of a permanently implanted stent is dif?cult 
to maintain because the dose is entirely determined by the 
activity of the stent at the particular time it is implanted. In 
addition, current stents are generally not removable Without 
invasive procedures. The dose delivered to the blood vessel 
is also non-uniform because the tissue that is in contact With 
the individual struts of the stent receive a higher dosage than 
the tissue betWeen the individual struts. 

[0012] Additional problems arise When conventional 
methods, such as ion implantation, are used to make a 
radioactive source for IVRT. Hehrlein describes the use of 
direct ion implantation of active P-32 in his paper “Pure 
[3-Particle-Emitting Stents Inhibit Neointima Formation in 
Rabbits” cited previously. While successfully providing a 
single mode of radiation using this method, the ion implan 
tation process presents other limitations. For example, ion 
implantation is only about 10 to 30% ef?cient. In other 
Words, only about one to three of every ten ions put into the 
accelerator is implanted on the target, and the remainder 
remains in the machine. Thus, the radiation level of the 
machine increases steadily With consistent use. With con 
sistent use, the machine can become so radioactive that it 
must be shut doWn until the isotope decays aWay. Therefore, 
the isotope used must be of a relatively short half-life and/or 
the amount of radiation utiliZed in the process must be very 
small, in order to shorten the “cooling off” period. Moreover, 
the major portion of the isotope is lost to the process, 
implying increased cost to the ?nal product. 

[0013] Another approach to the same set of problems is to 
use a nuclide suspended in solution to in?ate a balloon 

(Thornton ’114). This technique provides uniform nuclide 
distribution Within the balloon to form the source, resulting 
in uniform dose patterns. Also, this con?guration moves the 
position of the nuclide closer to the target tissue. No special 
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catheter is required for this type of approach, and many 
nuclides are available in liquid form. Hence, several inves 
tigators have begun clinical studies on so called “[radioac 
tive]liquid ?lled balloons.” 

[0014] While a seemingly adequate solution to the prob 
lems of centering and dosimetry, the liquid ?lled balloon 
systems have an obvious draWback knoWn to those familiar 
With the design, manufacture, or use of balloon angioplasty 
catheters: balloons potentially break. If a balloon is used to 
contain an active nuclide, a break poses an obvious health 
threat to the patient, physician and any nearby laboratory 
personnel. Abreak or leak may also shut doWn the procedure 
room. 

[0015] In all of the foregoing designs, full containment of 
the isotope remains a signi?cant challenge. The American 
National Standards Institute (ANSI) publishes a standard for 
sealed sources (ANSI N44.1-1973 Integrity and Test Speci 
?cations for Selected Brachytherapy Sources), and the US 
Nuclear Regulatory Commission (NRC) de?nes a sealed 
source as containing less than 5 nanoCuries (5><10_9 Curies) 
of removable activity. Hehrlein reported (Scripps Confer 
ence, January 1998) a balloon coated With P-32 that lost 
0.5% of its contained activity in an animal study. Even With 
only 1 mCi of contained activity, the balloon proposed by 
Hehrlein Would have lost 5000 nCi, Well beyond NRC 
standards for a sealed source, and Well outside of the ANSI 
de?nition of a sealed source. 

[0016] Despite the foregoing, among many other advances 
in IVRT, there remains a need for an IVRT method and 
apparatus that delivers an easily controllable uniform dosage 
of radiation Without the need for special devices or methods 
to center a radiation source in the lumen. Furthermore, a 
need remains for a radiation delivery device Which is similar 
in use to conventional angioplasty balloon catheters, and 
Which has a sealed source to prevent escape of radioactive 
species. 

SUMMARY OF THE INVENTION 

[0017] There is provided in accordance With one aspect of 
the present invention, a multilayer radiation delivery source. 
The source comprises a ?rst bonding layer, having a ?rst 
side, a second bonding layer, having a second side Which 
faces toWard the ?rst side, and an isotope layer in betWeen 
the ?rst side and the second side. The ?rst side and the 
second side are secured together through the isotope layer to 
produce a multilayer radiation delivery source. In one 
embodiment, the isotope layer comprises a metal salt or 
oxide and at least one isotope. 

[0018] In accordance With another aspect of the invention, 
there is provided a radiation delivery balloon catheter. The 
catheter comprises an elongate ?exible tubular body, having 
a proximal end and a distal end. An in?atable balloon is 
provided on the tubular body near the distal end, and is in 
?uid communication With an in?ation lumen extending 
axially through the tubular body. Aballoon bonding surface 
is carried on the outer surface of the balloon, and a radiation 
source is provided on the balloon bonding surface. An 
encapsulant surrounds the radiation source. The encapsulant 
has at least an encapsulant bonding surface on its radially 
inWardly facing surface for fusing With the balloon bonding 
surface at least proximally and distally of the radiation 
source. 



US 2003/0163017 A1 

[0019] In accordance With another aspect of the present 
invention, there is provided a method of treating a site Within 
a vessel. The method comprises the steps of identifying a site 
in a vessel to be treated, and providing a radiation delivery 
catheter. The catheter has an expandable balloon With a thin 
?lm radiation source thereon. The thin ?lm comprising a 
substrate layer having an isotope thereon, the isotope encap 
sulated by an outer encapsulant layer Which is fused to the 
substrate throughout the length of the source. The balloon is 
positioned Within the treatment site and in?ated to bring the 
source in close proximity to the vessel Wall. A dose of 
radiation is delivered from the delivery balloon to the 
treatment site. The balloon is thereafter de?ated and 
removed from the treatment site. 

[0020] In accordance With another aspect of the present 
invention, there is provided a method of simultaneously 
performing balloon dilation of a stenosis in a body lumen 
and delivering radiation to the body lumen. The method 
comprises the steps of identifying a stenosis in a body 
lumen. A treatment catheter is provided, having an elongate 
?exible tubular body With an in?atable balloon near the 
distal end. A cylindrical thin ?lm radiation delivery layer is 
provided on the balloon, and an encapsulant layer is posi 
tioned over the radiation delivery layer. Acontinuous seal is 
provided betWeen the encapsulant, the radiation delivery 
layer, and the balloon along at least the length of the 
radiation delivery layer to provide a sealed source. The 
balloon is inserted into the lumen, transluminally advanced 
therethrough, and positioned Within the stenosis. The bal 
loon is in?ated to radially expand the vessel in the area of the 
stenosis, and simultaneously deliver radiation from the thin 
?lm to and through the vessel Wall. 

[0021] In accordance With another aspect of the present 
invention, there is provided a method of simultaneously 
performing balloon dilation of a stenosis in a body lumen, 
delivering a stent, and delivering radiation to the body 
lumen. The method comprises the steps of identifying a 
stenosis in a vessel. A treatment catheter is provided, having 
an elongate ?exible tubular body With an in?atable balloon 
near the distal end. A cylindrical thin ?lm radiation delivery 
layer is provided on the balloon, and an encapsulant layer is 
positioned over the radiation delivery layer. A continuous 
seal is provided betWeen the encapsulant, the radiation 
delivery layer, and the balloon along at least the length of the 
radiation delivery layer to provide a sealed source. The 
balloon is inserted into the lumen, transluminally advanced 
therethrough, and positioned Within the stenosis. The bal 
loon is in?ated to radially expand the vessel in the area of the 
stenosis, and simultaneously deliver the stent. Radiation is 
also delivered from the thin ?lm to the vessel Wall. 

[0022] In accordance With a further aspect of the present 
invention, there is provided a method of manufacturing a 
sealed source radiation delivery balloon catheter. The 
method comprises the steps of extruding a tube for produc 
ing a balloon, Where the tube has a bonding layer on a 
radially outWardly facing surface thereof. An annular radia 
tion delivery source is positioned or attached adjacent the 
balloon bonding layer. A tubular encapsulant is extruded, 
having a sealing layer on a radially inWardly directed surface 
thereof. The encapsulant is positioned concentrically around 
the radiation source and the balloon to produce a balloon 
source-encapsulant stack, and the stack is exposed to 

Aug. 28, 2003 

elevated temperature to bond at least one of the balloon and 
the encapsulant to the source, thereby producing a sealed 
source. 

[0023] In accordance With yet another aspect of the 
present invention, there is provided a multilayer radiation 
delivery source. The source comprises ?rst, second, and 
third portions. The ?rst portion comprises a ?rst support 
layer having a ?rst bonding layer thereon. The second 
portion comprises a second support layer having a second 
bonding layer thereon. The third portion comprises an 
isotope, and lies betWeen the ?rst and second bonding 
layers. The ?rst and second bonding layers of the source 
begin to melt at a loWer temperature than the ?rst and second 
support layers. 

[0024] Further features and advantages of the present 
invention Will become apparent to those of skill in the art in 
vieW of the detailed description of preferred embodiments 
Which folloW, When considered together With the attached 
draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a schematic perspective vieW of a thin 
?lm radiation source in accordance With the present inven 
tion. 

[0026] FIG. 1A is a schematic perspective vieW of an 
alternate thin ?lm source in accordance With the present 
invention. 

[0027] FIG. 1B is a schematic of a cross-section of one 
embodiment of the radiation delivery source of the present 
invention having a substrate layer, an isotope layer and a 
coating layer. 
[0028] FIG. 1C is a schematic of a cross-section of one 
embodiment of the radiation delivery source of the present 
invention having a substrate layer, a tie layer, an isotope 
layer and a coating layer. 

[0029] FIG. 2 is a schematic side elevational vieW of a 
catheter incorporating the thin ?lm source of the present 
invention. 

[0030] FIG. 3 is a schematic side elevational vieW of an 
alternate catheter incorporating the thin ?lm source of the 
present invention. 

[0031] FIG. 4 is an enlarged side elevational cross-sec 
tional vieW through a balloon incorporating the thin ?lm 
source of the present invention. 

[0032] FIG. 5 is an enlarged elevational cross-sectional 
vieW of a balloon incorporating the thin ?lm source in 
accordance With another aspect of the present invention. 

[0033] FIG. 6 is an enlarged side elevational cross-sec 
tional detail vieW through a balloon incorporating the multi 
layered sealed source embodiment of the present invention. 

[0034] 
FIG. 6. 

[0035] FIG. 8 is a schematic illustration of the assembly 
of a one embodiment of multi-layered sealed source in 
Which the sections are shoWn in partial cross-section. 

[0036] FIG. 9 is an exploded cross-sectional vieW through 
a preferred multi-layered sealed source embodiment of the 
present invention, prior to fusing the bonding layers. 

FIG. 7 is a cross-section taken along the 7-7 in 
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[0037] FIG. 9A is a cross-sectional vieW of the source of 
FIG. 9 Where the bonding layers have been completely 
fused. 

[0038] The drawing ?gures are not necessarily to scale. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0039] This invention provides a novel sealed source 
design, neW in terms of structure, materials and production 
methods. The invention can be generally described as a thin 
?lm radioactive source intended for site speci?c delivery of 
radiation (“brachytherapy”) to an anatomical structure. As 
presently contemplated, one embodiment of the source 
design is intended for incorporation into the balloon segment 
of a vascular dilatation catheter such as that disclosed in US. 
Pat. No. 5,782,742, Crocker, et al., the disclosure of Which 
is incorporated in its entirety herein by reference. 

[0040] Alternatively, the source could be incorporated into 
traditional “seeds,” or placed on a Wire, or on a trocar, or 
most any other delivery system. The thin ?lm can be rolled 
up into a cylindrical con?guration for insertion and unrolled 
in-situ for positioning adjacent the vessel Wall either by 
itself or as a laminate on a ?exible metal or polymeric 

support sheet, such as disclosed in Us. patent application 
Ser. No. 08/965,900, entitled Radiation Delivery Catheter, 
?led Nov. 7, 1997 by von Hoffmann, the disclosure of Which 
is incorporated in its entirety herein by reference. HoWever, 
for the sake of simplicity, the present invention Will be 
described herein primarily in the context of a sealed source 
balloon structure for use in intravascular procedures. 

[0041] The term “thin ?lm source” is descriptive of the 
invention’s structure. Referring to FIG. 1, the source 10 
comprises of a thin sheet, or “substrate” layer 12, a chemical 
attachment or “tie” layer 14 for binding the isotope, and an 
isotope species 16. The substrate 12 can consist of a very 
thin (1 microns, or from about 0.00004 to about 0.002“ 
thickness) sheet or tubing. At these thicknesses, a Wide 
variety of biologically compatible materials are very ?exible 
and conforming. Examples of substrates commercially 
available at these thicknesses are Mylar® (polyester), Kap 
ton® (polyimide), polyethylene, nylon, and polyurethane, 
EMA, and polyethylene terephthalate (PET), in the form of 
sheet or tubing, or even metal foils. 

[0042] FIGS. 1A-1C shoW additional embodiments of the 
thin ?lm source of the present invention. Referring to FIG. 
1A, a schematic of a cross-section of a tWo-layer embodi 
ment of thin ?lm source is shoWn. The ?rst or innermost 
layer is the substrate 12, and the second or outer layer is the 
isotope layer 16. 

[0043] Referring to FIG. 1B, a schematic of a cross 
section of thin ?lm source, Wherein the source has three 
layers, is shoWn. The ?rst or innermost layer is the substrate 
12, the second or middle layer is the isotope layer 16, and the 
outer layer is the coating layer 17. 

[0044] Referring to FIG. 1C, a schematic of a cross 
section of a four-layer embodiment of the thin ?lm source of 
the present invention is shoWn. The four layers are the 
substrate layer 12, tie layer 14, isotope layer 16, and coating 
layer 17. 

[0045] The thin ?lm sources of the present invention are 
comprised of tWo or more layers of materials. There may or 
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may not be a clear visual or physical distinction betWeen the 
various layers in the source 10 because each layer need not 
be a discrete structural element of the thin ?lm source 10. As 
the layers bond together to form the source, they may 
become blended, alloyed, intermingled or the like to form 
What looks and acts like a single layer having a someWhat 
heterogeneous composition. For this reason, the various 
layers as de?ned and used herein are intended to denote the 
functional characteristics of the components or help denote 
What process steps are used in their formation, Whether 
through the use of discrete structural layers or layers blended 
With neighboring layers, the selection of Which Will be 
apparent to those of skill in the art in vieW of the particular 
materials and components used. 

[0046] For example, the term tie layer as used herein is 
intended to denote a functional characteristic Which enables 
securing of the isotope species 16 to the substrate 12, 
Whether through the use of a discrete structural layer (such 
as an adhesive or functionally analogous component) or a 
surface modi?cation to the substrate 12 (such as chemical 
activation), the selection of Which Will be apparent to those 
of skill in the art in vieW of a particular substrate 12 material 
and isotope layer 16 material. For example, FIG. 1A sche 
matically represents a substrate 12 having an isotope Zone 
16 comprising at least one isotope. 

[0047] The thin ?lm sources of the present invention all 
comprise a substrate layer or substrate 12. The thickness and 
composition of the substrate layer 12 can be varied Widely, 
depending upon the catheter design or the design of the other 
medical device to Which the isotope species 16 is to be 
bound. For example, materials in the thickness of conven 
tional PTCA balloons (from about 0.0005 to about 0.005 
inches) may be utiliZed, such as Where the balloon itself is 
used as the substrate 12. Additonally, a layer of bonding 
material or encapsulant may be used as the substrate 12. 

[0048] Aballoon substrate may be either of the compliant 
or non-compliant variety, as knoWn in the art. Thus, for a 
radiation delivery balloon Which is not intended to addition 
ally accomplish angioplasty, Working pressures on the order 
of 1 to 5 atmospheres may be used. At such relatively loW 
pressures, a variety of balloon materials may be utiliZed, 
Which do not experience excessive expansion as a function 
of pressure. If higher in?ation pressures are desired, more 
traditionally non-compliant materials such as polyethylene 
terephthalate may be desirable. In general, the radioactive 
source on the delivery balloon preferably does not expand in 
response to pressure. The substrate 12 may be polymeric or 
a metal, depending upon the desired characteristics of the 
?nished product. 

[0049] The shape of the source is generally dictated by the 
geometry of the substrate 12. When present, any of the 
layers described herein, other than the substrate, are dis 
posed over at least one surface of the source, and may be 
disposed over the entire surface of the source. All layers 
present in a given embodiment need not cover the same 
areas of the substrate or the entire surface of the source. In 
one embodiment, the tie layer and isotope layer cover only 
a portion of the substrate, and the entire substrate is coated 
With one or more coating layers. 

[0050] The thin ?lm sources also all comprise an isotope 
layer 16. The isotope layer comprises at least one radioactive 
isotope. Such isotopes are preferably either beta- or gamma 
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emitting. The composition of the isotope layer may be of a 
Wide variety of possibilities. In one embodiment, the isotope 
layer comprises a collection of individual isotope ions, 
atoms, or compounds attached to the layer beloW, preferably 
in a relatively even distribution. In another embodiment, the 
isotope layer comprises a metal salt Wherein same or all of 
one ion of the salt has been replaced by isotope-ions (simple 
or complex). Such a salt-containing isotope layer may be 
bound directly to the substrate layer 12 or to a tie layer 14, 
if present. The isotope layer preferably has an isotope 
density or nuclide density in the range of 1010-1035 atoms/ 
cm2, more preferably about 1013-1025 atoms/cm2 more pref 
erably about 1025 atoms/cm2 and has a thickness of prefer 
ably 25-10,000 Angstroms thick, more preferably about 
25-100 Angstroms thick. 

[0051] As used herein, the term “metal salt” refers to a 
compound comprised of at least one anion and at least one 
cation. The anions and cations of the metal salt may be either 
simple (monatomic) ions such as A13", C', Ca2+, Zn2+and 
Ag", or complex ()olyatomic) ions such as PO 43-, O32‘, and 
W042“. At least one of the ions in the metal salt should 
comprise a metal. The term “metal” as used herein means all 
metals, including, for example, semimetals, alkali metals, 
and alkaline earth metals. Preferably metals are selected 
from the transition metals or main group of the Periodic 
Table of the Elements. The term “metal salt” as used herein 
in its broadest sense can encompass metal oxides. 

[0052] The thin ?lm sources of the present invention may 
further comprise at least one tie layer 14. The tie layer 14 lies 
betWeen the substrate 12 and isotope layer 16 and may act 
to increase the tenacity of attachment of the isotope layer 16 
to the substrate 12. The tie layer 14 may be any composition 
or structure Which functions to bind the isotope 16 to the 
substrate 12. The tie layer 14 may comprise adhesives, 
chemically activated surfaces, mechanical locking struc 
tures, a chemical coating layer, or a layer of one or more an 
organic or inorganic compound. Preferred tie layer materials 
include metals, alloys, metal salts, alumina and other metal 
oxides, polyester, polyimide and other polymers. Its chemi 
cal composition and structure can be varied, depending on 
the isotope to be attached. It can be an organic or inorganic 
material or compound; it must only have the appropriate 
chemistry to attract and bind the isotope or isotope layer 
materials. The tie layer may be applied to one or both 
surfaces of the substrate, depending on factors such as the 
desired activity, composition or geometry of the ?nished 
product. In one embodiment, the tie layer 14 is a layer of 
metal or metal oxide, and it is 100 to 10,000 Angstroms 
thick, more preferably 200 to 1000 Angstroms thick. 

[0053] The thin ?lm sources of the present invention may 
further comprise one or more coating layers 17, as is 
discussed in connection With FIGS. 6-7 beloW. A coating 
layer 17, can act as a sealing means to protect the isotope 
layer from mechanical abrasion or other injury Which could 
remove radioisotopes from the isotope layer. Although the 
isotopes in the sources of the present invention may be 
sufficiently adherent Without the addition of a coating layer, 
addition of a coating layer may aid in providing suf?cient 
protection for the device to be classi?ed as a sealed radiation 
source, ie one that has less than 5 nCi of removable activity. 
The coating layer may also provide the additional advantage 
of sealing or binding the layers of the source together. 
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[0054] The coating may be a metal or plastic. Plastic 
coating materials are preferably biocompatible, but not 
excessively biodegradable. Preferred materials include 
cyanoacrylates, acrylics, ethylene methyl acrylate, ethylene 
methyl acrylate/acrylic acid (EMA/AA), urethanes, thermal 
plastic urethane (TPU) polybutyl vinyl chloride (PBDC), 
polyvinylidene chloride (PVDC, such as Saran®) polyeth 
ylene, polyethylene terephthalate, nylon and the like. Like 
Wise, metal coatings can be used as Well. If the coating is 
metal, the metal used is preferably one Which is bio-stable. 
For example, platinum, gold, or titanium may be vapor 
deposited on the surface to encapsulate the isotope layer. 

[0055] The foregoing thin ?lm structures offer several 
advantages over existing source designs. First, the source 
can conform to almost any shape, unlike conventional seed 
or solid Wire type sources or even a thin metal ?lm. Thus, 
this type of source is ideal for incorporation into ?exible 
catheter-like delivery systems. 

[0056] The radioisotopes used in the thin ?lm sources of 
the present invention may be beta or gamma emitters, or 
both, and may have any of a Wide range of half-lives, both 
long and short. The particular isotope, or combination of 
isotopes as Well as the concentration of isotopes in the 
source (Which determines the dose), can be chosen by one 
skilled in the art to serve the needs of a particular applica 
tion. In a recent paper presented by HoWard Amols at the 
January 1998 Scripps Clinic Conference on Intravascular 
Radiation Therapy entitled “Choosing the Right Isotope: 
What’s New? Insights into Isotopes or Why Is it so Hard to 
Find the Ideal Isotope?,” the author states that the best 
isotope choice from the perspective of both physics and 
dosimetry Would be a photon source With an energy greater 
than 3 MeV and a half-life greater than 7 days. Shirish K. 
J ani, in a lecture entitled “Does the Perfect Isotope Exist?” 
at the same conference states that the perfect isotope for 
vascular brachytherapy Would exhibit a loW dose gradient, 
loW dose levels to surrounding body tissues, manageable 
radiation exposure levels around the patient and a long 
half-life. Iodine-125 (I-125, half-life 60 days) and tungsten 
188/rhenium-188 (W/Re-188, half-life 70 days) are candi 
dates to meet these criteria, and also have long half-lives. 
Thus, these are tWo preferred radioisotopes for use in the 
present invention. Phosphorous-32 (P-32, half-life 14.3 
days) is also a preferred isotope for use in the present 
invention. 

[0057] Preferred radioisotopes are selected from the group 
of gamma emitters (or x-ray emitters) With energies less than 
about 300 KeV such as I-125, Pd-103,As-73, Gd-153, or the 
high-energy beta emitters (EmaX>1.5 meV) including P-32 
and W/Re-188, or others as may be deemed suitable for a 
particular use. The selection of the isotope may be in?u 
enced by its chemical and radiation properties, and other 
isotopes not mentioned herein, but Which have properties 
suitable for a particular application, can be utiliZed in the 
present invention. Preferred radioisotopes used in the thin 
?lm sources of the present invention may be purchased from 
Oak Ridge National Laboratory (Oak Ridge, Tenn.), NeW 
England Nuclear (NEN) or any other commercial suppliers 
of radioisotopes. 

[0058] In accordance With one isotope attachment tech 
nique, a thin ?lm substrate is treated With a tie layer 
composed of a three-dimensional matrix With an ionic 
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compound. The choice of the ionic compound is made to 
encourage the ion desired to bond Within the tie layer. In one 
embodiment, the three-dimensional matrix is polyvinyl pyr 
rolidone (PVP) With an ionic compound containing a Br 
anion. The PVP matrix is commonly used as a carrier for 12 
in antimicrobial applications. Direct attachment of the ionic 
compound Would result in layers on the molecular scale. To 
accomplish attachment, the treated substrate is placed in an 
ionic solution of 1-125 (Na1251, a commercially available 
form of 1-125). 1-125 anions exchange With Cl“ Br“ anions 
With less af?nity to PVP from the PVP, thus incorporating 
1-125 into the tie layer and producing a gamma radiation 
source. Asimilar system can Work alternatively in a solution 
comprising 32P-containing ions such as H332PO4 (a com 
mercially available form of P-32 ) to form a beta emitting 
source. 

[0059] In one speci?c embodiment of the present inven 
tion, a generally rectangular polyester sheet having a Width 
of about 2 cm, a length of about 3 cm and a thickness of 
about 12 microns Was coated With a PVP ion exchange 
surface and soaked in a 0.125 Wt % 1-125 in Nal solution. 
The resulting source may thereafter be Wrapped around a 
balloon having an in?ated diameter of about 3.0 mm and an 
axial length of about 30 mm. The sheet length of 3 cm Would 
alloW the source to be Wrapped around the in?ated balloon 
approximately 3 full revolutions. Thus, in this context, sheet 
length corresponds to the circumferential direction as 
Wrapped around the balloon, and sheet Width corresponds to 
the axial length of the source along the balloon. In this 
embodiment, the activity of the source Would be approxi 
mately 110 milliCuries per centimeter length of the substrate 
sheet. Thus, by providing three full revolutions, a net 
activity of about 330 milliCuries may be produced. This 
activity is similar to that disclosed by Teirstein for the 1r-192 
(gamma) source used in the Scripps study. Using the present 
invention, the net activity could conveniently be doubled, 
for example, by lengthening the substrate sheet to about 6 
cm, thereby enabling six revolutions of the substrate around 
the balloon. This may accomplish a respective reduction in 
treatment time of 50%. 

[0060] In cases Where adequate activity can be achieved 
With a single Wrap of the source, a thin tube could be used 
alternatively to the sheet. For example, PET tubing can be 
commercially obtained With Wall thicknesses similar to the 
sheet material described earlier (00003-0001 inch). The 
tube construction may alloW for simpler assembly, but 
otherWise it possesses the same properties as the rolled 
sheet. 

[0061] In one speci?c embodiment of the present inven 
tion a PE/EMA coextruded, crosslinked and expanded tube 
Was manufactured to a Wall thickness of 0001“ to 0.0015 “ 

thick. Ametal oxide tie layer and metal salt isotope layer Was 
placed on the sheet. The nuclide density of P-32 on the tube 
Was similar to that of a sheet of the same speci?c surface 
area. A delivery system may be manufactured in similar 
fashion to the sheet source With the added bene?t of sealing 
the entire tubular substrate to the encapsulant in addition to 
the proximal and distal balloon to encapsulant seal. 

[0062] There are alternative Ways of taking advantage of 
the thin ?lm structural properties, hoWever, Without utiliZing 
a chemical attachment system for the isotopes. For example, 
the radioactive isotope or a salt thereof can be attached 
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directly to the sheet Without a distinct tie layer 14 through 
ion implantation, vapor deposition, or sputtering. Thus, for 
some techniques, a distinct tie layer 14 is omitted com 
pletely. See FIGS. 1A and 1B. 

[0063] Other methods of direct isotope attachment to the 
substrate can be considered for metal isotopes. For example, 
vapor deposition and sputtering can be used to deposit metal 
isotopes on the substrate. The layers in these processes can 
be controlled to submicron thicknesses, such that all of the 
physical/mechanical advantages described in the above 
paragraphs for chemical attachment systems are maintained: 
?exibility, ability to adjust activity based on multiple Wraps, 
ability to utiliZe less active isotopes. 

[0064] Preferred methods of making the isotope layer of 
the present invention may begin With either a substrate to be 
coated or a tie layer to serve as the place of attachment. 
Preferred methods comprise exposing surfaces to ?uids 
comprising reactants or isotopes. 

[0065] Such ?uids may be gaseous (including plasma and 
vapor) or liquid (such as solutions), With liquid solutions 
being preferred. As such, the methods beloW are described 
in terms of liquid solutions. 

[0066] Some preferred methods of making the isotope 
layer of thin ?lm sources of the present invention comprise, 
in part, either one or both of the folloWing solution pro 
cesses: (1) oxidation in an acidic solution to form a metal 
salt from a metal; and (2) ion exchange Wherein ions at or 
near the surface of the metal salt are exchanged With those 
present in a solution. The ?rst process is based on differences 
in oxidation-reduction potentials, and the second process is 
based on differences in solubility. These processes Will be 
taken in turn. 

[0067] In the ?rst process, the equilibrium is driven by 
principles of oxidation-reduction (redox). A metal, in the 
form of a pure metal or part of an alloy, may be converted 
to a metal salt When it is placed in solution comprising an 
oxidiZing agent. Many metals, including those in preferred 
embodiments discussed beloW, can be readily oxidiZed in 
solution to form metal cations, Which may then form salts 
With anions in solution. 

[0068] Whether or not a particular reaction of an oxidiZing 
agent and a metal Will occur spontaneously can be predicted 
by reference to a standard table of half-cell potentials such 
as that in CRC Handbook of Chemistry and Physics, (CRC 
Press). 1f the sum of the potentials of the oxidation half 
reaction and the reduction half-reaction is positive, then the 
reaction Will occur spontaneously. 

[0069] For example, it can be predicted that When silver is 
added to an acid solution of sodium chlorite, the silver Will 
be oxidiZed. When added to the solution, sodium chlorite 
(NaClO2) disproportionates to form hypochlorous acid and 
chlorine dioxide, Which is capable of oxidiZing silver as 
shoWn beloW: 
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[0070] In addition to the reaction shown above, the 
hypochlorous acid undergoes a redox reaction Whereby 
chloride ions are produced, Which then couple With the silver 
cations to form silver chloride. 

[0071] The second process is a solubility-driven ion 
exchange. When, for example, tWo anions are placed in 
solution With a given cation, there is a driving force Which 
results in the formation of the metal salt Which is less 
soluble/more insoluble. Because it is dif?cult to compare 
solubilities and thus predict behavior When the relative terms 
“soluble” and “insoluble” are used, solubility is related to a 
type of equilibrium constant, the solubility product (Ksp), in 
order to quantify the degree of solubility for a given com 
pound. The solubility product is equal to the concentrations 
of the dissociated ions of the salt at equilibrium, that is for 
salt AB, KSP=[A+][B_] Wherein [A"] and [B‘] are the con 
centrations of the A cation and the B anion, respectively. If 
a salt is fairly soluble, the concentrations of its component 
ions in solution Will be relatively high, leading to a relatively 
large Ksp. On the other hand, if a salt is fairly insoluble, most 
of it Will be in solid form, leading to loW concentrations of 
the ions and a relatively small Ksp. Thus, When comparing 
tWo salts of the same metal, the salt With the loWer Ksp is the 
more insoluble of the tWo. Solubility products for most 
common compounds can be found in reference texts such as 
the CRC Handbook of Chemistry and Physics (CRC Press). 

[0072] The salts silver chloride (AgCl, Ksp=l.77><l0_lo) 
and silver iodide (AgI, Ksp=8.5l><l0_l7) can be used to 
illustrate the principle of solubility driven ion exchange. The 
solubility products for these compounds are both fairly loW, 
but Ksp for silver iodide is loWer by nearly 7 poWers of ten, 
indicating that it is more insoluble than silver chloride. Thus, 
if solid silver chloride is placed in a solution containing 
iodide ions, the equilibrium lies on the side of the silver 
iodide, and the chloride ions Will exchange With the iodide 
ions so that the more insoluble silver iodide is formed. On 
the other hand, if silver iodide is placed into a solution 
containing chloride ions, the ion exchange Will not take 
place. In this manner, chloride ions in silver chloride coated 
on the surface of a substrate can be replaced by 1251 anions 
to form a radiation source of the present invention. 

[0073] The metal salt layer Which is the starting point for 
the above solution ion exchange process may be formed by 
a redox process such as that described above, or it may be 
applied directly by means of sputtering, vapor deposition, or 
other techniques knoWn in the art. Alternatively, if a redox 
process described above is performed using an oxidiZing 
solution containing a radioisotope, for example H332PO4, 
the radioisotope-containing metal salt layer may be obtained 
directly, eliminating the need for the ion exchange. 

[0074] Another preferred method for making thin ?lm 
sources of the present invention comprises oxidiZing a 
metal, such as those bound to or incorporated in the sub 
strate, and then binding an isotope to the metal oxide. The 
step in Which the metal is oxidiZed preferably occurs spon 
taneously in air. Thus, metals such as aluminum and copper, 
Which readily and spontaneously undergo oxidation to form 
their respective oxides, are preferred. Oxide formation 
occurs When the metal is exposed to air, but may be 
enhanced or increased by exposure to oxygen-enriched 
atmospheres or increased temperature. The binding of the 
isotope is preferably performed by immersing the metal 
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oxide in a solution containing isotope ions, either simple or 
complex. The attraction betWeen the metal oxide and the 
isotope ions is such that the isotope ions Will bind to the 
metal oxide rather than existing free in solution. This 
binding or “plating” process may occur either With or 
Without displacement of ions from the metal oxide. 

[0075] There are several advantages to using the processes 
above to place active isotopes on a source as opposed to the 
ion implantation of radioisotopes and nuclear bombardment. 
One advantage is that unWanted isotopes are not formed. As 
discussed above With reference to Hehrlein ’177, neutron 
activation of a metal-containing source produces numerous 
isotopes, making it very dif?cult to control the dose provided 
by the source. 

[0076] Another advantage of the present method is that it 
does not create large quantities of radioactive Waste. By 
using the correct quantity of radioisotope solution, very little 
Waste is produced. Isotopes Which are not incorporated into 
a given source remain in solution and may be used to form 
another source. Unlike radioactive ion implantation, there is 
no stray isotope-?lled machine chamber that must be 
cleaned and safely discarded or taken out of use and alloWed 
to “cool.” 

[0077] Yet another advantage of the present method is that 
it alloWs use of isotopes Which cannot be readily obtained on 
a solid source by the other means knoWn in the art. With the 
proper choice of materials and solutions and the disclosure 
herein, one skilled in the art Would be able to create a 
reaction scheme to make a salt containing most any of the 
desirable therapeutic radioisotopes. Furthermore, by using 
particular long-lived isotopes, a radiation source With a 
longer half-life can be produced that is capable of delivering 
a dose With less variation betWeen maximum and minimum. 
Use of an isotope With a longer half-life may provide for a 
radiation source Which is capable of loWering the amount of 
radioactivity necessary to perform its function over that 
Which incorporates a short-lived isotope. 

[0078] Another advantage of the present invention is that 
the radioisotopes are held by strong atomic-level bonding 
interactions, and Which are highly resistant to leaching or 
release under physiological conditions or during handling. 
Additionally, the use of ionic bonding is especially useful for 
radioisotope species such as iodine-125, as the salt form 
holds the normally volatile iodine atoms in place. 

[0079] Another bene?t to the solution processes of the 
present invention is that the density of activity of a given 
isotope or multiple isotopes may be controlled by simply 
controlling the time of immersion and/or the density and 
amount of metal salt or tie layer on the source. 

[0080] Another advantage of the thin ?lm source is that 
the structure lends itself to batch processing. The coating 
step can be done in relatively large volumes using common 
chemical attachment techniques found in the photographic 
?lm and semiconductor industries. Radioactive isotopes are 
commonly provided in solutions, so the ?nal production step 
of adding the isotope may be as simple as soaking the coated 
substrate in the isotope solution. This can be simply per 
formed in very small or very large sheet siZes. The ability to 
perform this step in small batches is advantageous because 
the amount of radiation in process can be adjusted to suit the 
radiation capabilities of the manufacturer. 
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[0081] The basic method, as discussed in part above, 
comprises providing a substrate and forming a coating 
comprising an insoluble metal salt With at least one radio 
active isotope species thereon. 

[0082] One preferred embodiment of thin ?lm source of 
the present invention is that Which has an isotope layer 
comprising the gamma-emitting isotope 1251. As mentioned 
previously, 1251 meets the criteria of an “ideal” isotope as 
de?ned by Amols and J ani. One method for making a thin 
?lm source having an isotope layer comprising 1251 is that 
Which uses both solution methods discussed above. First, a 
substrate is provided that comprises silver or elemental 
silver is attached to the surface of the substrate using 
Well-known methods such as ion implantation, vapor depo 
sition, sputtering, electroplating, or rolling. The silver is then 
converted to silver chloride (AgCl) via an oxidation-reduc 
tion solution process such as that described above Which 
uses an acidic solution of sodium chlorite to reduce the silver 
and produce silver chloride. Then the silver chloride-coated 
source is immersed in an ion exchange solution comprising 
sodium iodide in the form of Na125I, Wherein the AgCl is 
converted to Ag125I on the surface of the source. This 
manufacturing process may be performed quickly, easily 
and efficiently. In addition, the I-125 With a half-life of 60 
days Would provide an equivalent or loWer dose of radio 
therapy for a longer period of time. 

[0083] As an alternative to the above method, silver chlo 
ride could be directly deposited to the surface of the thin ?lm 
source by means of vapor deposition or other method knoWn 
in the art, and then immersed in the ion exchange solution 
containing Na125 . 

[0084] In one speci?c embodiment of the present inven 
tion, a silver foil having a surface area of 4 cm2 Was 
immersed in a solution of 6M HCl and 1M NaClO2 in a 10:1 
ratio. Aportion of the silver Was thereby converted to silver 
chloride. The foil Was then immersed in a bath having about 
2 ml of a solution. The solution in the bath contained about 
0.07% Na125 I in NaI, and Was prepared by dissolving 0.5 mg 
NaI in 2ml Water and adding 4.6 mCi 1251 into the solution. 
FolloWing immersion, the resulting activity of the foil Was 
measured at 2mCi, Which, When the amount of carrier 
(non-radioactive) iodine is factored in, corresponds to about 
1018 atoms of iodine attached to the sheet. In a carrier free 
solution, this number of I-125 ions Would result in an 
activity of 3Ci per 4cm2 of substrate. 

[0085] Another preferred embodiment of thin ?lm source 
of the present invention is that Which has an isotope layer 
comprising p. A thin ?lm source having an isotope layer 
comprising 32F can be made by methods similar to that 
described above for 1251 using P-32 in the form of ortho 
phosphoric acid (H332PO4). First, a substrate is provided. 
The substrate may be manufactured to contain Zinc or a Zinc 
alloy, or the substrate may be coated With Zinc or a Zinc alloy 
by vapor deposition or other methods knoWn in the art. The 
Zinc is then converted to a salt such as Zinc ?uoride (ZnF2, 
KSp=3.04><10_2) via an oxidation-reduction process similar 
to that discussed above. The source is then activated by 
immersing the Zinc ?uoride-coated source in a solution 
containing phosphate ion in the form of 32PO43_ or a soluble 
phosphate salt, Whereby the more soluble ?uoride ion is 
exchanged for phosphate to form Zinc phosphate 
(Zn3(PO4)2, KSp=5><10_36). 
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[0086] Alternatively, the substrate may be directly coated 
With Zinc ?uoride or other similarly insoluble salt by vapor 
deposition or other means knoWn in the art, and then placed 
in an ion exchange solution. Another alternative is to use a 
solution containing H332PO4 in the oxidation step so that the 
Zinc is directly converted to Zinc phosphate containing the 
radioisotope, thus eliminating the ion-exchange step. Yet 
another alternative is to deposit or form calcium ?uoride 
(CaF2, KSp=1.61><10_1O) and then expose this to a source of 
phosphate (orthophosphate) such as H332PO4 or Na332PO4. 

[0087] There is an additional advantage to using Zinc 
phosphate in the isotope layer. Zinc phosphate is a stable 
molecule and is often used in the automotive industry for 
paint adhesion to galvaniZed steel. Zinc phosphate has 
anticorrosive characteristics of its oWn, and has been used in 
the past to increase the corrosion resistance of steel. A Zinc 
phosphate coating on a source made of steel, such as a Wire 
or seed, may be an advantage to the source even in the case 
that it is not used as a radiation delivery device. 

[0088] Yet another preferred embodiment of thin ?lm 
source of the present invention is that Which has an isotope 
layer comprising tungsten-188 (W-188 or 188W). Tungsten 
188 undergoes beta decay to become rhenium-188 (Re-188 
or 188Re). Rhenium-188 undergoes beta decay as Well, but 
emits a much higher energy particle than in W-188 decay. 
The W-188 has a much longer half-life than does Re-188, 
thus the W-188 almost continuously creates more Re-188. 
This process is knoWn as “generator,” and these generator 
isotopes are referred to together by the shorthand W/Re-188 
to indicate the relationship betWeen the species. Generators 
are attractive for use in radiation delivery devices because 
they combine the energy levels of a short half-life species 
With the durability of the long half-life species. It is a general 
rule that particle energy and half-life are inversely propor 
tional, and that long half-life species are more economical 
and practical to Work With than short half-life species. 

[0089] W/Re-188 is a beta emitting isotope With an energy 
about 10% higher than P-32. Where I-125 Was discussed as 
a highly favorable gamma emitting isotope, W/Re-188 ?ts 
the criteria of both Amols and Jani for a highly favorable 
beta emitting species for IVRT. The advantage of the W/Re 
188 source Would be that the source Would provide a dose 
Which could be consistently administered over a long period 
of time. The half-life of W-188 is 70 days as compared to 14 
days for the P-32. This represents a consistent dose rate as 
Re-188, itself a beta emitting isotope, is being produced by 
the decay of tungsten for a longer period of time. 

[0090] Tungsten, in the form of tungstate ion (WOf') 
may be readily attached to an oxidiZed aluminum surface to 
produce a W/Re-188-containing thin ?lm source of the 
present invention. An aluminum oxide surface may be 
attached to the source by sputtering A1203, or Al can be 
attached by implantation or deposition, folloWed by an 
oxidation step. Ambient environment Will facilitate the 
formation of A1203 from aluminum Which can be acceler 
ated by increasing the temperature and/or using an oxygen 
rich atmosphere. The aluminum oxide surface may then be 
immersed in a tungstate containing solution, such as an 
acidic solution of sodium tungstate (Na2188WO4), in order to 
attach the W-188 to the alumina surface. 

[0091] Tungsten may also be applied together With a 
phosphate in a manner similar to that disclosed by Larsen in 
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US. Pat. No. 5,550,006, Which is hereby incorporated into 
the present disclosure by this reference thereto. The method 
disclosed in Larsen is claimed for use in increasing adhesion 
of organic resists for printed circuits. The method Was used 
to perform a phosphate conversion coating onto copper. This 
method may ?nd its application in the radiation delivery 
device of the present invention in that many polymers and 
metals other than copper may be coated With this solution. 
In this method, phosphate may be in the form of 32PO43‘, 
tungstate may be in the form of 188W042“, or any combi 
nation of the isotopes in radioactive or stable form may be 
used. 

[0092] Sources employing combinations of various iso 
topes provide another preferred embodiment in that beta 
emitting isotopes may be combined With gamma-emitting 
isotopes Where gamma isotopes can deliver dosage to 
greater depths. 

[0093] Thin ?lm sources comprising other metals, metal 
salts, and isotopes can be made by procedures similar or 
analogous to the preferred embodiments disclosed above, 
using materials appropriate for the chemistry of the isotope 
to be included, as can be determined by one skilled in the art 
in vieW of the disclosure herein. 

[0094] In some embodiments of the thin ?lm source of the 
present invention, it may be desirable to provide a tie layer, 
onto Which the isotope layer Will be placed. The tie layer 
may comprise adhesives, chemically activated surfaces, a 
chemical coating layer, or an organic or inorganic com 
pound. Preferred tie layer materials include metals, alloys, 
metal salts, metal oxides, PVP, and other polymeric mate 
rials. 

[0095] For some polymeric tie layers, the nature of the tie 
layer 14 Will depend on the isotope to be attached. Many 
different coatings and attachment technologies are available, 
and neW ones can be developed as applications are devel 
oped. For example, Iodine-125 (1-125) can be bound to the 
substrate by passing it over a substrate coated With a 
polyvinyl pyrrolidone (PVP) as discussed previously. Other 
preferred polymeric-type tie layers comprise polymeric 
materials such as polyesters and polyamides. 

[0096] Another preferred type of tie layer is the metal-type 
that Which comprises a thin layer of metal, metal oxide, 
metal salt, or alloy. Depending upon the composition of the 
other layers and materials in the source, depositing a metal 
type tie layer may alloW an “alloying” process to take place 
betWeen the metal of the tie layer and any metals present in 
the isotope layer. This may serve to enhance the tenacity of 
attachment of the metal salt, and hence the isotope. This may 
also occur if the tie layer comprises more than one metal or 
if more than one tie layer is used in making the source. 
Alloying of this type is common in the semiconductor 
industry, Wherein a chromium layer is used as an initial layer 
in the deposition of gold. The chromium is alloyed With the 
gold in order to increase the strength at Which the gold is 
bound to the substrate. If, for example, the isotope layer 
comprises a Zinc salt, a metal such as copper or aluminum 
may be used as the tie layer. The tie layer may also be in the 
form of an oxide, such as alumina (A1203) Which may aid 
attachment by providing oxygen to chemically bind the 
atoms of the metal salt layer thereby increasing the tenacity 
of attachment. In one embodiment of source, alumina is 
deposited on a substrate upon Which is placed calcium 
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?uoride. The calcium ?uoride may then undergo isotope 
exchange With a source of radioactive phosphate to form a 
P-32 based thin ?lm source. 

[0097] A metal-type layer to Which the isotope layer is 
attached may comprise any suitable metal, metal oxide, 
metal salt or alloy. The layer may be deposited by vapor 
deposition, sputtering, ion plating, ion implantation, elec 
trodeposition, or other method. When the tie layer is present, 
there may or may not be a clear distinction betWeen the tie 
layer and the isotope layer. In performing its function, and 
depending on the chemistry of the materials involved, the tie 
layer may become blended, alloyed or intermingled With the 
isotope layer, thus blurring the lines betWeen the layers. For 
many of the same reasons, the distinction betWeen the tie 
layer and a metal-containing substrate layer may also be 
blurred. In these cases, the term tie layer is meant to be a 
functional or process-de?ning de?nition, rather than a ref 
erence to a physically distinct layer of the thin ?lm source. 

[0098] In another type of system that can be constructed, 
the tie layer 14 can incorporate a metal exchange surface, 
Which Will attach Pd-103 in the form of palladium metal 
draWn directly from solution. For example, the substrate 
layer, made from polyimide as disclosed previously, can be 
coated With reactive metals such as copper, aluminum, or 
chromium using commonly available techniques such as 
vapor deposition or sputtering. The coated substrate is then 
placed in a solution containing the isotope. The difference in 
oxidation-reduction (redox) potential betWeen the coating 
metal and the isotope causes the isotope to deposit on the 
surface of the substrate ?lm. This system can also be used to 
attach W-188 from a solution of tungsten salts or other metal 
salt isotopes as Well. 

[0099] Metal isotope species, such as Palladium-103 (Pd 
103) or Tungsten/Rhenium-188 (W/Re-188) or Gd-153 can 
be attached by incorporating a chelating agent onto the 
polymer substrate, and then soaking the sheet in a solution 
of Palladium salts, Tungsten salts or Gadolinium salts. These 
types of chemical technologies can be incorporated into the 
source design described herein. 

[0100] An experiment Was done to test the effectiveness of 
using a copper tie layer to enhance the attachment of Zinc 
?uoride onto a Mylar®sheet. A layer of ZnF2 Was placed on 
a ?rst sheet of Mylar by vapor deposition. On a second sheet 
of Mylar, a layer of copper Was placed by vapor deposition, 
folloWed by deposition of a layer of ZnF2. The sheets Were 
each placed into solutions of H332PO4 having similar activi 
ties and alloWed to react for several hours. The P-32 activity 
Was counted via scintillation counting. It Was found that the 
sheet having the copper tie layer resulted in a greater 
adsorption of P-32: 71.6% for Cu/ZnF2 vs. 56% for ZnF2 
after 1 hour; and 98.4% for Cu/ZnF2 vs. 86% for ZnF2 after 
24 hours. Thus, after a signi?cant period of time, the copper 
tie layer appears to promote and maintain adherence of the 
Zinc salt to the Mylar surface, and can result in a source 
Which has signi?cantly more activity and adhesion than that 
Without the copper tie layer. 

[0101] Although the sources of the present invention may 
have isotopes Which are suf?ciently adherent Without further 
treatment, in some embodiments of the present invention, it 
may be desirable to place an outer coating on the thin ?lm 
source. An outer coating can provide further advantages for 
the thin ?lm source of the present invention in that the 
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coating can help provide additional means to bind the layers 
of the source together. Perhaps more importantly, an outer 
coating can increase the abrasion resistance of the source. 

[0102] Sealed radioactive sources are those Which have 
less than 5 nCi of removable activity. By providing a coating 
on the source Which covers at least the isotope layer, the 
source can be protected from unWanted loss of activity due 
to mechanical abrasion of the surface of the source. This 
may be important, both for providing safe devices for the 
patient Which leave radioisotopes behind only Where they 
are desired, and for monitoring dosage to ensure that the 
dose Which is to be provided by a source Will actually reach 
the treatment site, and not be signi?cantly diminished due to 
loss of isotope from abrasion Which may occur during 
implantation. It also helps insure that, once the source is 
positioned for treatment, the radioisotopes Will remain at 
that site and not be Washed doWnstream. 

[0103] Coating materials are preferably biocompatible, 
but not excessively biodegradable. Preferred materials 
include polymeric materials including cyanoacrylates (Loc 
tite, Hartford, Conn.), acrylics, ethylene methyl acrylate 
(Exxon Chemical Co., Houston, Tex.), ethylene methyl 
acrylate/acrylic acid (EMA/AA) (Exxon Chemical Co., 
Houston, Tex.), urethanes and thermal plastic urethane 
(TPU) (BF Goodrich, Rich?eld, Ohio), PVDC, PBVC, PE, 
PET, and combinations thereof. Other preferred coatings 
may comprise other biocompatible materials, drugs or simi 
lar compounds, such as heparin. Many methods are available 
to perform the coating process, such as dip or immersion 
coating, spray coating, spin coating, gravure or shrink Wrap 
tubing. If curing is required, the curing technique may be 
any of the various techniques available, such as air, heat, or 
UV. Preferably the thickness of the coating Which is formed 
is 1 pm to 30 pm more preferably 10 pm to 20 pm. 

[0104] One preferred embodiment of the present invention 
has a coating that is formed With cyanoacrylate. Another 
preferred coating layer is that formed by ethylene methyl 
acrylate/acrylic acid (EMA/AA) polymer. An aqueous dis 
persion of this coating material, preferably having a viscos 
ity less than 100 centipoise, alloWs for use of any of the 
above-mentioned coating methods. UV curable polyure 
thane acrylate is also useful as a coating layer material. Yet 
another preferred coating layer is that formed by SARAN. 
Such a layer may be formed, for example, by immersing the 
source or a portion thereof into a melt of SARAN or a 

solution containing SARAN. 

[0105] The coating layer may also be formed by a spin 
coating process. Spin coating the thin ?lm source ?nds 
advantage in the ?exibility to use coating materials having 
a Wide range of viscosities. LoW viscosity liquids may be 
spun on sloWly, While a higher viscosity liquid may be spun 
at a higher velocity to maintain a thin coating. The substrate 
may be held in place by ?xturing or by vacuum during the 
spin coating process. In an experiment, a dispersion of 
cyanoacrylate in acetone Was dispensed on top of the metal 
salt surface While the substrate Was rotated at 8000 rpm for 
?ve minutes. The resulting thickness of the coating Was 
about 6.5 pm (0.00025 inch). When this specimen, having 
the spin-coated surface curable coating of cyanoacrylate Was 
extracted in saline for 8 hours at 50° C; the amount of 
radioactivity extracted Was negligible. 

[0106] In another experiment, tWo sources Were tested to 
demonstrate the effectiveness of the coating layer by mea 
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suring the amount of removable isotope on coated and 
uncoated sources. Both sources comprised a Mylar thin ?lm 
substrate and a ZnF2/Zn3(32PO4)2 isotope layer, With the 
coated source further comprising a cyanoacrylate coating 
layer made by dip coating an uncoated source. The test Was 
performed on each source by Wiping it With a cotton sWap 
three times on each side. The activity of the sWab Was 
measured by scintillation counting. It Was found that the 
amount of removable activity on the uncoated Mylar-based 
source Was 6.76%, While on the coated source the removable 
activity Was merely 0.050%. 

[0107] In making some embodiments of the thin ?lm 
source of the present invention, it may be desired that one or 
more portions of the source or substrate are not covered or 
coated by particular layers or portions of layers. In such 
embodiments, the source may be made by the use of 
masking techniques. In such a technique, the portions of the 
source or substrate Which are to be left alone for a particular 
step or steps are covered With a piece of a material to serve 
as the mask. The other portions not covered by the mask are 
treated (reacted, coated) and then the mask is removed. For 
example, it may be preferred to have a small border of 
substrate surrounding the portion of the source onto Which 
the isotope layer is placed. Such an arrangement may be 
preferred to reduce coating of the side surfaces of the 
substrate by the isotope layer, reduce edge effects or to 
enable several distinct and separate sources to be prepared 
on a single sheet of substrate having spaces therebetWeen 
Which are not coated by isotope to that the individual sources 
may be separated once they are completely prepared Without 
the risk of radioactive contamination of the blade or other 
implement Which is used to cut or separate the individual 
sources. 

[0108] In one embodiment, a plurality of sources com 
prising a Mylar substrate, alumina tie layer and CaF2/32PO4 
isotope layer are made using a mask. In this method, the 
Mylar sheet is placed betWeen a plate and a mask. The plate 
may be formed of glass, metal or other suitable material. The 
mask is a stainless steel sheet from Which several rectangu 
lar-shaped portions have been removed. The three pieces 
(plate, Mylar, mask) are secured together and then placed in 
a chamber. Alumina, Which forms the tie layer, is then 
deposited on the rectangular-shaped portions of the Mylar 
Which have been left exposed by the mask. Calcium ?uoride 
is then deposited on the alumina. The mask is then removed, 
and the entire sheet placed in an ion-exchange bath contain 
ing 32PO43_ ions to complete formation of the isotope layer. 
One or more outer coating layers may optionally be placed 
on the sheet prior to separation of the individual sources. The 
sources may also be coated individually folloWing separa 
tion, such as folloWing incorporation onto a balloon catheter. 

[0109] The masking technique is described above in terms 
of making sources having a border of substrate surrounding 
an active area comprising a tie layer and isotope layer 
coating the substrate. Although described as such, the mask 
ing technique or variations thereof as Would be apparent to 
one skilled in the art, may be used for other purposes in 
making the sources of the present invention, such as placing 
a coating layer on selected portions of the source, and 
placing different tie layers on different portions of the 
source. 

[0110] Referring to FIG. 2, there is disclosed a radiation 
delivery catheter 18 incorporating the thin ?lm source 10 in 
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accordance With one aspect of the present invention. 
Although the description below is primarily directed to the 
radiation aspect of the invention, catheters embodying addi 
tional features knoWn in the vascular dilatation art, such as 
carrying implantable stents, drug delivery, perfusion and 
dilatation features, or any combination of these features, can 
be used in combination With the balloon of the present 
invention as Will be readily apparent to one of skill in the art 
in vieW of the disclosure herein. 

[0111] The catheter 18 generally comprises an elongate 
tubular body 19 extending betWeen a proximal control end 
20 and a distal functional end 21. The length of the tubular 
body 19 depends upon the desired application. For example, 
lengths in the area of about 130 cm to about 150 cm are 
typical for use in radiation delivery by Way of a femoral 
access folloWing or during percutaneous transluminal coro 
nary angioplasty. 

[0112] The tubular body 19 may be produced in accor 
dance With any of a variety of knoWn techniques for manu 
facturing balloon-tipped catheter bodies, such as by extru 
sion of appropriate biocompatible plastic materials. 
Alternatively, at least a portion or all of the length of tubular 
body 19 may comprise a spring coil, solid Walled hypoder 
mic needle tubing, or braided reinforced Wall, as is under 
stood in the catheter and guide Wire arts. 

[0113] In general, tubular body 19, in accordance. With the 
present invention, is provided With a generally circular 
exterior cross-sectional con?guration having an external 
diameter With the range of from about 0.02 inches to about 
0.065 inches. In accordance With one preferred embodiment 
of the invention, the tubular body 19 has an external 
diameter of about 0.042 inches (3.2 F) throughout most of its 
length for use in coronary applications. Alternatively, gen 
erally triangular or oval cross-sectional con?gurations can 
also be used, as Well as other noncircular con?gurations, 
depending upon the number of lumens extending through 
the catheter, the method of manufacture and the intended 
use. 

[0114] In a catheter intended for peripheral vascular appli 
cations, the tubular body 19 Will typically have an outside 
diameter Within the range of from about 0.039 inches to 
about 0.085 inches. Diameters outside of the preferred 
ranges may also be used, provided that the functional 
consequences of the diameter are acceptable for the intended 
purpose of the catheter. For example, the loWer limit of the 
diameter for tubular body 19 in a given application Will be 
a function of the number of ?uid or other functional lumens, 
support structures and the like contained in the catheter, and 
the desired structural integrity. 

[0115] In general, the dimensions of the catheter shaft and 
balloon can be optimiZed by persons of skill in the art in 
vieW of the present disclosure to suit any of a Wide variety 
of applications. For example, the balloon of the present 
invention can be used to deliver radiation to large and small 
arteries and veins, as Well as other lumens, potential spaces, 
holloW organs and surgically created pathWays. The present 
inventor contemplates radiation delivery to the esophagus, 
trachea, urethra, ureters, fallopian tubes, intestines, colon, 
and any other location accessible by catheter Which may 
bene?t from radiation delivery. This includes surgically 
created lumens such as, for example, transjugular intrahe 
patic portosystemic shunts and others Which Will be recog 
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niZed by those of skill in the art. Thus, although the present 
invention Will be described herein primarily in terms of 
coronary artery applications, it is understood that this is for 
illustrative purposes only, and the present invention has 
much broader applicability in the ?eld of radiation delivery. 

[0116] Tubular body 19 must have suf?cient structural 
integrity (e.g., “pushability”) to permit the catheter to be 
advanced to a treatment site such as distal arterial locations 
Without buckling or undesirable bending of the tubular body 
19. Larger diameters generally have sufficient internal ?oW 
properties and structural integrity, but reduce perfusion in 
the artery in Which the catheter is placed. Larger diameter 
catheter bodies also tend to exhibit reduced ?exibility, Which 
can be disadvantageous in applications requiring placement 
of the distal end of the catheter in a remote vascular location. 
In addition, lesions requiring treatment are sometimes 
located in particularly small diameter arteries, necessitating 
the loWest possible pro?le. 

[0117] As illustrated schematically in FIG. 2, the distal 
end 21 of catheter 18 is provided With at least one in?atable 
balloon 22. The proximal end 20 of catheter 18 is provided 
With a manifold 23 Which may have one or more access 

ports, as is knoWn in the art. Generally, manifold 23 is 
provided With a guide Wire port 24 in an over the Wire 
embodiment and a balloon in?ation port 25. Additional 
access ports are provided as needed, depending upon the 
functional capabilities of the catheter 18. 

[0118] The balloon 22 can also be mounted on a rapid 
exchange type catheter, in Which the proximal guideWire 
port 24 Would not appear on the manifold 23 as is under 
stood in the art. In a rapid exchange embodiment, the 
proximal guideWire access port 24 is positioned along the 
length of the tubular body 19, such as betWeen about 1 and 
about 20 cm from the distal end of the catheter. 

[0119] Referring to the embodiment of the balloon illus 
trated in FIG. 2, an enlarged Zone 32 is positioned betWeen 
a proximal reference Zone 28 and a distal reference Zone 30. 
The relative lengths of each of the three Zones may vary 
considerably depending upon the intended use of the bal 
loon. In general, suitable dimensions of the balloon, both in 
terms of diameters and lengths, as Well as other catheter 
dimensions, are disclosed in Us. Pat. No. 5,470,313 to 
Crocker, et al., entitled Variable Diameter Balloon Dilatation 
Catheter, the disclosure of Which is incorporated in its 
entirety herein by reference. 

[0120] In one particular substantially noncompliant bal 
loon application, the central Zone 32 has an axial length of 
about 25 mm, and each of the proximal Zone 28 and distal 
Zone 30 have an axial length of about 5 mm. At an in?ation 
pressure of about 8 atmospheres, the proximal Zone 28 has 
an outside diameter of about 3 mm, and the central Zone 32 
has an outside diameter of about 3.4 mm. The same balloon 
at 18 atmospheres in?ation pressure has an outside diameter 
of about 3.1 mm in the proximal Zone 28 and an outside 
diameter of about 3.5 mm in the central Zone 32. That 
particular balloon Was constructed from PET, having a Wall 
thickness of about 0.0006 to about 0.0008 inches. 

[0121] In accordance With an alternative embodiment of 
the balloon of the present invention, illustrated in FIG. 3, the 
balloon 26 has a generally cylindrical in?ated pro?le 
throughout its axial Working length such as With conven 
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tional PTCA balloons. Either the stepped balloon of FIG. 2 
or the cylindrical balloon of FIG. 3 can be readily provided 
With the radiation source 10 discussed beloW in accordance 
With the present invention. 

[0122] The overall dimensions of any particular balloon 
22 or 26 Will be governed by the intended use, as Will be Well 
understood to those of ordinary skill in the art. For example, 
balloons can be in?atable to a diameter of anyWhere Within 
the range of from about 1.5 mm to about 10 mm. For 
coronary vascular applications, the central Zone 32 or overall 
balloon 26 Will normally be in?atable to a diameter Within 
the range of from about 1.5 mm to about 4 mm, With 
balloons available at about every 0.25 mm increment in 
betWeen. 

[0123] The proximal Zone 28 and distal Zone 30 are 
generally in?atable to a diameter Within the range of from 
about 1.25 mm to about 9.5 mm. For coronary vascular 
applications, the proximal and distal Zones 28, 30 are 
preferably in?atable to a diameter Within the range of from 
about 1.25 mm to about 3.5 mnm. 

[0124] The axial length of the central section 32 can be 
varied considerably, depending upon the desired radiation 
delivery length as Will become apparent. For example, the 
axial length of the central section 32 may be anyWhere 
Within the range of from about 0.5 cm to about 5.0 cm or 
longer. For coronary vascular applications, the axial length 
of the central section 32 Will normally be Within the range 
of from about 0.5 cm to about 2.0 cm, if the balloon is 
designed to deliver radiation as Well as simultaneously 
perform conventional PTCA. In a radiation delivery balloon 
Which is not intended to perform PTCA, the axial length of 
the central Zone 32 may exceed the typical length of the 
lesion, and, in coronary vascular applications, the axial 
length may be Within the range of from about 0.5 cm to 
about 5 cm or longer. 

[0125] The axial length of the proximal Zone 28 and distal 
Zone 30 may also be varied considerably, depending upon 
the desired performance characteristics. In general, axial 
lengths of the cylindrical portion of the proximal Zone 28 
and distal Zone 30 of at least about 3 mm appear useful. 

[0126] Referring to FIG. 4, there is disclosed a radioactive 
balloon in accordance With the present invention, con?gured 
as in FIG. 3. The balloon 26 comprises a radiation delivery 
Zone 32. The radiation Zone 32 comprises an inner balloon 
Wall 36 surrounded by the radiation source 10. Preferably, 
the radiation source 10 is surrounded by an outer sleeve 38 
(sometimes referred to herein as an encapsulant) several 
embodiments of Which are described in additional detail in 
connection With FIGS. 6 through 9A. In the illustrated 
embodiment, the radiation source 10 is entrapped betWeen 
the outer sleeve 38 and balloon Wall 36, and the outer sleeve 
38 is adhered to the balloon Wall 36 or catheter shaft such as 
through the use of thermal bonding or an adhesive. Suitable 
adhesives include medical grade UV curable and urethane 
adhesives knoWn in the art. Any of a Wide variety of 
alternate techniques knoWn to those of skill in the art can 
also be utiliZed for securing an outer sleeve 38 to the 
balloon, sometimes referred to as fusing, heat shrinking, 
spot Welding, and the like. 

[0127] The sleeve 38 may extend only slightly longer in 
the axial direction than the axial length of the radiation 
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source 10. The outer sleeve 38 can alternatively extend the 
entire length of the balloon, or longer, such that it is necked 
doWn at the proximal end of the balloon to the catheter shaft 
and similarly necked doWn at the distal end of the balloon to 
the catheter shaft. One outer sleeve 38 comprises 0.0003 
inch Wall thickness PET tube. Other materials could be 
polyole?ns, nylons, or urethanes, or compounds thereof, and 
are discussed in detail beloW. 

[0128] The balloon 26 is mounted on a tubular body 19, 
Which preferably comprises at least a guideWire lumen 40 
and an in?ation lumen 42. In the illustrated embodiment, the 
tWo lumens 40 and 42 are illustrated in a concentric rela 
tionship as is knoWn in the art. Alternatively, the tWo lumens 
40 and 42 can be formed in a side-by-side geometry, (FIG. 
5) such as through the use of conventional extrusion tech 
niques. 
[0129] Referring to FIG. 5, there is illustrated a perfusion 
embodiment of the present invention. The radiation delivery 
catheter With perfusion 50 comprises an elongate ?exible 
tubular body 52 having a distal balloon 54 thereon. In this 
embodiment the tubular body 52 is preferably con?gured in 
a side by side orientation, as is Well understood in the 
catheter art. Thus, the tubular body 52 comprises at least an 
in?ation lumen 56 and a guideWire lumen 58. Additional 
lumen may be provided, depending upon the desired func 
tionality of the catheter. 

[0130] The guideWire lumen 58 extends from the proximal 
guideWire access port (not illustrated) to the distal guideWire 
access port 66 as is Well knoWn in the art. The proximal 
guideWire access port may either be on the side Wall of the 
catheter as has been discussed in a rapid exchange embodi 
ment, or at the proximal manifold in an over the Wire 
embodiment. Aperfusion section 60 of the guideWire lumen 
58 extends through the balloon 54, and places a plurality of 
proximal ports 62 in ?uid communication With a plurality of 
distal ports 64. In this manner, the guideWire (not illustrated) 
can be proximally retracted Within the guideWire lumen 58 
to a position proximal to the proximal ports 62 once the 
balloon 54 has been positioned at the treatment site. The 
balloon 54 can be in?ated by injecting in?ation media 
through the in?ation lumen 56, and the perfusion section 60 
permits blood to perfuse across the balloon by Way of 
proximal ports 62 and distal ports 64. 

[0131] As discussed elseWhere herein, the balloon 54 is 
provided With a thin ?lm source 10 Which may comprise one 
or more layers of radioactive thin ?lm source. The thin ?lm 
source 10 may be adhered to or otherWise carried by the 
inside surface or outside surface of the balloon Wall and may 
be further entrapped Within an outer tubular layer 70 as 
illustrated. Alternatively, the thin ?lm source 10 is adhered 
to or carried by the inside surface or outside surface of the 
balloon Wall Without an outer layer 70. Tubular layer 70 
preferably is positioned concentrically about the thin ?lm 
source 10 and heated or otherWise bonded to attach the layer 
70 securely to the balloon. The axial length of the tubular 
layer 70 on, for example, a 3 cm long balloon, may be 
anyWhere Within the range of from about 15 mm to about 
150 mm measured along the axis of the catheter. 

[0132] In any of the foregoing embodiments, the isotope 
layer 16 may comprise either a homogenous isotope popu 
lation, or a blend of tWo or more isotopes. For example, a 
blend may be desirable to achieve a desired combination of 
















