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BACKGROUND OF THE INVENTION 
It is known that the human body's healing response 

to wounds typically includes the formation of what is 
commonly called scar tissue. This response also occurs 

5 within the vascular systea of a person following injury 

to a blood vessel. An injury that provokes the 
formation of scar tissue may occur in various 1ocations 
within the vascular system, such as in the carotid 
artery or in coronary bypasses, or in various ways, such 

10 as trauma from surgical or diagnostic procedures. 
Just as with lumens within the vascular system, 

non-vascular intraluminal passageways within a human 
patient can experience stenosis. Procedures, such as 
those described below, are performed for eliminating the 

15 areas of narrowing in non-vascular body lumens, and the 
walls of the treated lumens most likely are injured 
during the process. As a result of the injury, the 
human body begins its healing response and an overgrowth 
of tissue due to increased cell proliferation renarrowa 

20 the lumens. 
One area of the vascular system of particular 

concern with respect to such injuries is coronary 
arteries that are subjected to procedures for removing 
or reducing blockages due to plaque within the arteries. 

25 Partial and even complete blockage of coronary arteries 
by the formation of an atheroaclerotic plaque is a well 
known and frequent medical problem. such blockages may 
be treated using atherectomy devices, which mechanically 
remove the plaque; hot or cold lasers, which vaporize 

30 the plague; stents, which hold the artery open1 and 
other devices and procedures which have the objective cf 
allowing increased blood flow through the artery. The 
most common such procedure is the percutaneous 
transluminal coronary angioplasty (PTCA) procedures --

35 more commonly referred to as balloon angioplasty. In 
this procedure, a catheter having an inflatable balloon 
at its distal end is introduced into the coronary 
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artery, the uninflated balloon ia positioned at the 
atenotic site and the balloon is inflated. Inflation of 
the balloon disrupts and flattens the plaque against the 
arterial wall, and stretches the arterial wall, 

5 resulting in enlargement of the intralllllli.nal passageway 
and increased blood flow. After such expansion, the 
balloon is deflated and the balloon catheter removed. 

P'rCA is a widely used procedure and has an initial 
success rate of between 90 and 95 percent. However, 

10 long term success of PTCA (as well as the other artery­
opening procedures referred to above) is much more 
limited, due largely to restenosis, or re-closing of the 
intraluminal passageway through the artery. Restenosis, 
wherein the vessel passageway narrows to approximately 

15 sot or leas of the size of the native vessel, is 
experienced in approximately 30 to SO percent of the 
patients within six months after PTCA. Restenosis may 
occur for various reasons, but it is now believed that 
restenosis is, in significant part, a natural healing 

20 response to the vessel injury caused by inflation of the 
angioplasty balloon. 

Vessel injury may occur in several ways during 
PTCA, includinqa denudation (stripping) of the 
endothelium (the layer of flat cells that line the blood 

25 vessels); cracking, splitting and/or disruption of the 
atherosclerotic plaque and intima (innermost lininq of 
the blood vessel); dehiacence (bursting) of the intima 
and the plague from the underlying mediaJ stretching 
and tearing of the media and adventitia (outside 

30 covering of the artery) which may result in aneurysmal 
expansion; and injury to the vessel smooth muscle. such 
injury to the vessel typically initiates the body's own 
natural repair and healing process. During this healing 
process, fibrin and platelets rapidly accumulate in the 

35 endothelium, and vascular smooth muscle cells 
proliferate and migrate into the intima. The formation 
of scar tissue by smooth muscle proliferation, also 
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known as intimal hyperplasia, is believed to be a major 
contributor to restenosis following balloon angioplasty 
of the coronary artery. 

Prior attempts to inhibit restenosis of coronary 
s arteries have included, among other things, the use of 

various light therapies, chemotherapeutic agents, 
stents, atherectomy devices, hot and cold lasers, as 
well as exposure of the stenotic site to radiation. 
These therapies have had varying degrees of success, and 

10 certain disadvantages are associated with each of these 
therapies. Although radiation therapy bas shown 
promise, particularly in inhibiting intimal hyperplasia, 
the devices available for delivery of radiation sources 
to a stenotic site have been limited and have tended to 

15 suffer from drawbacks which limit their usefulness. 
Typical of the devices .using radiation to treat 
restenosis are those shown or described in u.s. Patents 
Hos. 5,059,166 to Fiacbell1 S,213,561 to Weinstein; 
5,302,168 to Bess, 5,199,939 to Dake1 5,084,002 to 

20 LiprieJ and 3,324,847 to Zoumboulis. 
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SWIMARY OF THE INVENTION 

The present invention is directed to apparatus and 
methods for delivering one or more treating elements, 
such as a radiation source, through a catheter to a 

s desired location within the intraluminal passaqeways, 
either vascular or non-vascular, of a human patient and 
to retrieving the treating element(s) through the 
catheter, if so desired. The treating elements may be 
used to treat the intraluminal passageway through which 

10 they are delivered or may be used to treat a surrounding 
area of the body located within a maxi.mum radius of the 
intraluminal passageway through which they are 
delivered. The present invention is particularly 
applicable, but not limited, to the treatment of 

15 coronary arteries that have been or will be subjected to 
P'l'CA or other artery-opening procedures, in order to 
inhibit intimal hyperplasia and reduce the risk of 
restenosis. Other areas of the vascular system in which 
the present invention is also useful include the 

20 carotid, renal, iliac, and subclavian arteries, 
peripheral arteries, vessels leading to and from the 
brain, anastomotic sites, vein grafts, and internal 
mammary grafts. Bypass grafts may be treated with 
radiation either before or after they are implanted for 

25 bypass surgery. Hon-vascular areas which the present 
invention is also useful include the brain ventricles, 
esophagus, trachea, bronchi, ureteral and urethral 
structures and other urological areas, vagina, uterus, 
and other gynecological areas, prostate gland and other 

30 male structures, biliary ducts, hepatic ducts, 
pancreatic ducts, and thoracic ducts. The present 
invention is also useful in areas of the body where 
endoscopic procedures are performed, and in the 
placement of shunts, such as dialysis shunts and 

35 transjugular intrahepatic portalsystemic shunts. Hon­
luminal areas of the body, including the brain, lungs, 
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liver, gall bladder, pancreas, ovaries, cervix, 
endometrium, and prostate, may be treated through the 
delivery of treating elements via the catheter to a 
nearby intralum.inal body passageway. 

More specifically, as set forth in the appended 
claims, the present invention comprises an elongated 
flexible cathe~er tube having a proximal end portion 
adapted to remain outside the patient's body, a distal 
end portion adapted to be positioned at a selected 

10 location within the vascular system. of the patient and a 
lumen extending tberebetween, with the diameter of the 
catheter tube being sufficiently small for insertion 
into the patient's vascular system. The catheter tube 
is preferably but not necessarily adapted for 

15 positioning the distal end of the tube at the desired 
site by advancement over a guide wire. A port is 
provided at the proximal end portion of the tube, 
through which blood-compatible liquid may be introduced 
from a source of such liquid into the lumen. One or 

20 aore treating elements, which may be in the form of a 
solid capsule, pellet or the like, such as a capsule or 
pellet containing radioactive material, is positionable 
within the lumen and is movable between the proximal and 
the distal end portions of the tube under the motive 

25 force exerted by the liquid flowing through the lumen. 
In accordance with the present invention, a method 

is also provided for treating a selected area of the 
body of a patient wherein an elongated flexible catheter 
tube having a distal end portion adapted to be 

30 positioned at a selected location within an intraluminal 
passaqeway of the patient, a proximal end portion 
adapted to remain outside the patient's body, at least 
one lumen extending therebetween, and a diameter 
sufficiently small for insertion into the desired 

35 intralWDinal passageway is introduced into an 
intraluminal passageway of a patient. The catheter is 
preferably but not necessarily introduced over a quide 
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wire until the distal end portion of the tube is within 

the selected area of the vascular system. A port 

cOlllllunicatinq with the first lumen is adapted for 

introduction of blood-compatible liquid into the lumen. 

5 one or more treating elements, such as a capsule or 

pellet containing radioactive material, is introduced 

into the lumen at the proximal end portion of the tube 

and is moved from. the tube's proximal end portion 

through the lwnen to the distal end portion within the 

10 selected area by flowing the blood-compatible liquid 

through the lumen to generate a motive force on the 

element so as to move it from the proximal end to the 

desired location at the distal end portion. There, the 

treating element is allowed to remain a sufficient time 

15 for treatment of the selected area, during which time 

the remaining portion of the catheter is free of 

treating elements so as to not unnecessarily expose 

other tissue to such treatment. After the treatment is 

completed, the catheter tube is removed from the 

20 patient. If the catheter tube is introduced over a 

guide wire, the catheter tube can be removed either over 

the guide wire or with the guide wire. 

In another embodiment, the present invention is 

embodied in an angioplasty balloon catheter having 

25 proximal and distal end portions, with a lumen extending 

tberebetween. The lumen communicates with an inflatable 

balloon located on the distal end portion. In 

accordance with the present invention, one or more 

treating elements, such as a radiation source, is either 

30 carried fixedly at the balloon or moved through a lumen 

frOlll the proximal end portion to the distal end portion, 

for delivery of radiation to the stenotic site as the 

angioplasty procedure is actually carried out -­

therefore allowing what may otherwise be a two-step 

35 process to be carried out in a single step. From this 

summary, it should be apparent that the method of the 

present invention may be carried out before, during or 
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after an angioplasty or other artery-opening procedure, 
whichever is deemed most desirable by the treating 
physician. 
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DRAWINGS 

Figure 1 is a diagrammatic representation of a 
catheter-based treatment delivery system embodying the 
present invention. 

5 Figure 2A is cross-sectional view of one embodiment 
of the proximal end portion of the treatment delivery 
systea of the present invention. 

Figure 28 is a cross-sectional view of another 
embodiment of the treatment delivery system of the 

10 present invent·ion. 
Figure 2C is a cross-sectional view of still 

another embodiment of the treatment de1ivery system of 
the present invention. 

Figure 3 is a cross-sectional view of one 
15 embodiment of the treating elements of the present 

invention. 
Figure 4 is a partial cross-sectional view of one 

embodiment of the elongated catheter tube of the present 
invention, showing the treating elements disposed in the 

20 distal end portion of the tube. 
Figure 5 is a partial cross-sectional view of a 

second embodiment of the elongated catheter tube of the 
present invention, showing the treating elements in the 
distal end portion of the tube. 

25 Figure 6A is a partial cross-sectional view of a 
third embodiment of the elongated catheter tube of the 
present invention, showing the treating elements in the 
distal end portion of the tube. 

Figure 68 is a partial cross-sectional view of the 
30 Figure 6A embodiment of the elongated catheter tube of 

the present invention, disposed within an outer guiding 
catheter which may be used to position the catheter tube 
of the present invention within the body of a patient. 

Figure 7A is a partial cross-sectional view of a 
35 f ourtb embodiment of the elongated catheter tube of the 
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present invention, showing the treatinq elements 
disposed in the distal end portion of the tube. 

Figure 7B is a partial cross-sectional view of the 
elongated catheter tube of Figure 7A taken along line 7-

5 7B. 

10 

Figure 8A is a partial cross-sectional view of a 
fifth embodiment of the elongated catheter tube of the 
present invention, showing the treating elements in the 
distal end portion of the tube. 

Figure BB is a partial croasMaectional view of a 
modified version of the embodiment of the elongated 
catheter tube of Figure BA, showing the treating 
elements in the distal end portion of the tube. 

Figure 9 is a partial cross-sectional view of a 
15 sixth embodiment of the elongated catheter tube of the 

present invention showing toroidal or ring-shaped 
treating elements in the distal end portion of the tube. 

Figure 10 is a partial cross-sectional view of an 
alternative embodiment of the present invention having 

20 an inflatable balloon and treating elements fixedly 
positioned on the distal end portion. 

Figure ll is a partial cross-sectional view of an 
alternative embodiment of the present invention having 
an inflatable balloon, with the treating elements 

25 disposed therein. 
Figure 12 is a partial cross-sectional view of 

another alternative embodiment of the present invention 
having an inflatable balloon, with the treating elements 
movable along the catheter. 

30 Figure 13 is a partial cross-sectional view of a 

further alternative embodiment of the present invention 
having an inflatable balloon, with the treating elements 
movable along the catheter. 

Fiqure 14 is a partial cross-sectional view of 
35 another embodiment of the treatment delivery system of 

the present invention. 
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Figure lSA is a partial cross-sectional view of a 

further embodiment of the treatment delivery system of 

the present invention. 
Figure 158 is a elevational view of part of the 

s proximal end portion of the treating system shown in 

Figure 15A. 
Figure 15C is a cross-sectional view taken along 

lines 15c-15c of Figure 15A. 

Figure 16 is a partial cross-sectional view of 

10 various parts of a further embodiment of the treatment 

delivery system of the present invention. 

Figure 17 is a partial cross-sectional view of 

another alternative embodiment of the present invention 

having an inflatable balloon, with the treating elements 

15 movable along the catheter. 

20 

Figure 18 is a partial cross-sectional view of 

still another alternative embodiment of the present 

invention having an inflatable balloon, with the 

treating elements movable along the catheter. 

Figure 19 is a partial cross-sectional view of 

still another alternative embodiment of the present 

invention having an inflatable balloon, with the 

treating elements movable along the catheter. 

Figure 20 is a schematic drawing of a further 

25 embodiment of an intracoronary radiation system 

comprising a transfer device, a radiation source train, 

and a delivery catheter. 
Figure 2la is an exploded view of the transfer 

device of Pig. 20. 

30 Figure 2lb is an exploded view of a further 

embodiment of the transfer device. 

Figure 22 is an exploded perspective view of the 

transfer device of Fig. 21. 

Figure 23 is an exploded perspective view of the 

35 rear housing and fluid control switch assembly of the 

transfer device of Figs. 21 and 22. 
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Figure 24 is a bottom view of the fluid control 

switch. 
Figure 25 is an exploded perspective view of the 

central housing and actuator switch assembly for the 

5 transfer device of Figs. 21 and 22. 
Figure 26a is a cross sectional view of a connector 

for the intracoronary radiation system of Pig. 20 that 

connects the transfer device to the ~elivery catheter. 
Figure 26b is a cross sectional view of an 

10 alternate embodiment of a connector for the 
intracoronary radiation system of Pig. 20 that connects 

the transfer device to the delivery catheter. 
Figure 27a is a plan view in partial cross section 

of the delivery catheter of Fig. 20 with the connecter 

15 of Fig. 26 attached. 
Figure 27b is an enlarged view in partial cross 

section of the distal end of the delivery catheter of 

Pig. 27a. 
Figure 27c is an enlarged cross-sectional view of 

20 an alternate embodiment of a delivery catheter. 
Figure 28a is an enlarged cross-sectional view of 

the distal end of a delivery catheter according to the 

present invention that permits perfusion through the 

guide wire lumen. 
25 Figure 28b is a cross-sectional view of the 

delivery catheter of Fig. 28a taken along line 28b-28b. 
Figure 29a is an enlarged cross-sectional view of 

the distal end of a delivery catheter according to the 

present invention that permits "rapid exchange• of the 

30 delivery catheter. 
Figure 29b is a cross-sectional view of the 

delivery catheter of Fig. 29a taken along line 29b-29b. 

Figure 30 is a cross-sectional view of a 

radioactive seed to be used with the delivery system of 

35 Pig. 20. 
Figures 3la and 3lb are a perspective view and an 

exploded perspective view of a fiber optic seed 
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verification system that may be associated with the 
central housing of the transfer device. 

Figure 32a_ is an en1arged cross-sectional view of 
the distal end of a delivery catheter according to the 

5 present invention located in .!!tY. and including an 
eccentric centering balloon. 

Figure 32b is a cross sectional view of the in ~ 
catheter of Fig. 32a taken along line 32}>.;..32b. 

Figures 33a and 33b are similar to Figs. 32a and 
10 32b except that the centering balloon is in the shape of 

an eccentric coil. 
Figure 34 is a cross sectional view of the distal 

end of a delivery catheter accordinq to the present 
invention that has a radiation-blocking coating. 

15 Figure 35 is a perspective view of a device to 
permit the user to create a radiation source train in 
which the activity level of the seeds comprising the 
source train can be varied. 

Figure 36a is a plan view of an alternate 
20 embodiment of a delivery catheter according to the 

present invention. 
Figure 36b is an enlarged cross sectional view of 

the catheter of Fig. 36a. 
Figures 37a and 37b are cross sectional views of a 

25 catheter similar to that shown in Fig. 27c. 
Wigure 38 is an exploded perspective view of a 

further embodiment of a transfer device according to the 
present invention. 

Figure 39 is a perspective view of a further 
30 embodiment of an intracoronary radiation system 

comprising a transfer device and a delivery catheter. 
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DETAILED DESCRIPTION 

Figure 1 depicts one embodiment of the present 
invention in general diagraJllDlatic form for ease of 
initial understanding. The overall design of the 

5 apparatus of the present invention remains the same 
regardless of which intraluminal passageway will be 
used. However, the size of the apparatus or the 
materials from which it is made may be altered so that 
the maneuverability of the catheter in relation to the 

10 applicable lumen may be optimized. Shown in Figure 1 is 
an elongated catheter 2 having a proximal end portion 4, 
a distal end portion 6, and at least one lumen 8 
extending therebetween. The catheter is sized for 
insertion of the distal end portion through the vascular 

15 system of a patient to a selected area to be treated, 
such as the site of a balloon angioplasty procedure or 
other opening procedure, such as an atherectomy, in a 
coronary artery. This may be carried out, for example, 
by inserting the catheter percutaneously into a femoral 

20 artery and advancing the catheter over a typical guide 
wire 10 upwardly through the descending aorta, over the 
aortic arch, downwardly through the ascending aorta and 
into the particular coronary artery that has been 
selected for treatment, such as a coronary artery that 

25 has been subjected to PTCA or other artery-openinq 
procedure. Guide wires and procedures used in advancing 
such a catheter to the point of the angioplasty 
procedure are well known and will not be discussed in 
detail. 

30 At the proximal end of the catheter, which is 
located outside the patient in a percutaneous procedure 
such as described above, a transporting and/or loading 
device 12 is provided for loading a treating element, 
such as a pellet or capsule comprising or containing 

35 radioactive material, into the lumen 8 of the catheter 
2. Additional treating elements may also be loaded such 
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that the total length of the combined treating elements 
corresponds to at least the length of the stenotic area 
of the vasculature to be treated. The total length of 
the combined treating elements also could be longer than 

s the stenotic area in order to assure tbat the end ~dges 
of the stenotic area are also treated. This loading 
procedure may also be performed manually, but a 
mechanical loader as described in more detail later is 
pref erred to provide better user protection against 

10 radiation. 
After the treating element is loaded into the 11111\en 

8, pressurized blood-compatible liquid, such as sterile 
saline solution or sterile water, is introduced via 
liguid source 14 through a port 16 in the proximal end 

15 of the lumen behind the treating element. Flow of 
liquid tbrough the lumen pushes the treating element 
along the lumen to the distal end portion, which is 
located at the site to be treated. The liguid which 
provides the motive force for moving the treating 

20 element may be allowed to exit from. the distal end of 
the catheter or may be returned in a parallel lumen 
provided in the catheter or may be returned via suction 
through the same lumen in which the treating element 
travels. 

25 After the treating element is located at the 
desired site, the treating element is allowed to remain 
for a time sufficient to treat the tissue. For 
radiation treataent of a stenotic site, the treating 
element preferably are beta-emitting radiation sources, 

30 and the residence time period will be relatively short, 
on the order of minutes as discussed in more detail 
below. 

After the treatment is complete, the catheter may 
be removed with the treatinq element remaining at the 

35 distal end or, alternatively, liquid may be forced 
through the lumen in a reverse direction to return the 
treating element to the proximal end and into the 
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loading device, if desired, before removal of the 
catheter. The reverse flow of fluid may be achieved by 
forcing liquid under positive pressure through the lumen 
in a reverse direction or by applying a suction, such as 

S by withdrawing the piston of a syringe attached at the 
proximal end of the lumen, to the lumen. 

The transporting/loading device 12 need not be 
connected directly to the proximal end of the catheter 2 
if such direct connection would result in possible 

10 kinking of the catheter or would restrict 
maneuverability. In that case, an additional length of 
tubing (which may have the same number of lumens as the 
catheter) could be provided between the 
transporting/loading device 12 and the proximal end 

15 portion 4 of the catheter. In such event, the 
additional length of tubing (as well as the proximal end 
portion of the catheter located outside the patient) may 
be shielded to protect the user and/or the patient from 
unnecessary radiation exposure. 

20 Figure 2A shows one actual embodiment of the 

25 

proximal end of the catheter system depicted in Figure 
1. Although not lilllited to use with radioactive 
treating elements, the device shown in Figure 2A is 
particularly adapted for that application. 

Specifically, Figure 2A depicts a three-lumen 
catheter system 18 with a loading device 20 containing 
treating elements 22 and connected to the proximal end 
of a three lumen catheter tube 24. The loading device 
comprises a rigid body 26 preferably of a suitable rigid 

30 polymer, having a proximal end 28, a distal end 30 and a 
first, a second and a third bore, 32, 3& and 36 
respectively, extending tberebetween. A fitting 38 
located at the distal end of the body connects the 
first, second and third bores, respectively, with one of 

35 the three lwnens 33, 35 and 37 of the catheter tube 24. 
At the proximal end of the housing member, ports, 

such as luer connector ports, are provided for 
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cOllllllunication with bores 32, 34 and 36. A first port 40 
is aligned with the first bore 32 of the body and is 
adapted for the entry or exit of a liquid, such as 
sterile saline. A second port 42 is in communication 

5 with the second bore 34 of the housing member and is 
likewise adapted to permit the entry or exit of liquid 
into the body. The third port 44 opens into the third 
bore of the body and is adapted to receive a guide wire 
46 to aid in positioning the distal end of the catheter 

10 tube within a patient. A valve (not shown), such as a 
Touby-Borst valve, may be attached to the third port to 
prevent leakage of fluid around the guide wire during or 
after insertion of the device into the patient. 

For loading and/or unloading of the treating 
15 elements 22, a retaining device such as a magazine, 

carrier or carriage 48 is slidably positioned within a 
slot so defined in the body 26 intermediate the proximal 
and distal ends. The carriage is preferably constructed 
ot the same material as the rigid body 26 and has a 

20 first through bore 52 and a second through bore 54. The 
first and second through bores of the carriage may be 
selectively aligned with the first bore 32 of the body, 
depending upon the lateral position of the carriage 
relative to the body. A carriage with only a single 

25 through bore may also be used. 
By pre-1oading the treating elements into the 

carriage, they may be conveniently handled, shipped and 
stored separate from the rest of the loading device. 
When the user is ready for the procedure, the carriage 

30 may be simply inserted into the body, thereby minimizing 
handling of the treating elements by and exposure to the 
user. 'l'he carriage is preferably made of a material and 
has sufficient thickness to protect the user against 
unnecessary exposure to radiation when the treating 

35 elements are radioactive. 
As shown in Figure 2A, carriage 48 is fully 

inserted into the body 26, with the first bore 52 of the 
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carriage aligned with the first bore 32 of the body. In 
this position, second bore 54 of the carriage contains 
the treating elements 22 and is positioned within the 
body, thereby providing protection of the user from 

S radiation emitted by the treating elements. In this 
first position, fluid, such as sterile saline, may be 
introduced through the first port to prime the body and 
catheter and remove any air contained therein, if so 
desired. 

10 By sliding the carriage 48 outwardly from the body 

26, the carriage is moved into a second position wherein 
-econd bore 54 of the carriage is coaxially aligned with 
first bore 32 of the body, and the treating elements 22 
are ready for introduction into the catheter 24. In 

15 this second position, pressurized liquid, such as 
sterile saline, may be introduced via pwnp 14 through 
first port 40 to supply the motive force against the 
treating elements 22, ejecting them from second through 
bore of the carriage, distally through the first bore 32 

20 of the body, and into a lumen of the catheter. 
Tbe specific design of the fluid source 14 may be 

chosen from various alternatives. For example, the 
fluid source 14 may be a simple saline-filled piston 
syringe attached via luer lock connector to port 40 of 

25 body 26. Manual depression of the syringe plunger would 
provide sufficient force to eject the treating elements 
and move them to the desired position in the catheter 
(and withdrawal of tbe plunger may assist in returning 
the treating elements to the proximal end portion after 

30 the treatment is complete). Alternatively, the motive 
force may be provided by a column of liquid from a 
suspended container of sterile saline or water, 
controlled by a simple roller clamp or stopcock. 

Alternative confiqurations for the carriage (not 
35 shown) also may be used without departing from the scope 

of the present invention. For example, the carriage may 
be cylindrical and/or rotatably mountable within the 
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body. Through bores or chambers within the carriage may 
be selectively brought into aligmnent with the bores of 
the body by rotating the carriage. The treating 
elements may be pre-loaded in the cylinder to minimize 

5 user contact and to protect the user from radiation .when 
a radioactive treating element is employed. By 
providing the treating elements 22 pre-loaded into a 
loading device 20 or pre-loaded into a carriage 48 that 
may be inserted into a loading device, user contact with 

10 the treating elements is minimized, and for radioactive 
treating elements, the user may be shielded from 
radiation. 

Figure 2B shows a further alternative embodiment of 
a catheter system of the present invention. Catheter 

15 system 56 includes a cOJDbination loading device and pump 
58 and a multi-lumen catheter 60. The combination pump 
and loading device comprises a body portion 62 having a 
distal end portion64 attached to the elongated catheter 
tube and a proximal end portion 66 mounting connectors 

20 for fluid communication with passageways defined in the 
body. 

The body portion 62 baa a central bore or 
passageway 68 in which treating elements 22 are located 
prior to the treatment and after the treatment is 

25 completed. The central bore 68 communicates directly 
with one of the lumens of multi-lumen catheter 60. 
Discharge of the treating elements from the bore 68 is 
controlled by gate 70, which may be moved between 
positions blocking flow or allowing flow through central 

30 bore. Alternatively, the gate may contain openings of 
sufficiently small size to permit fluid to pass 
therethrough, while preventing passage of the treating 
elements while the gate blocks the central bore. This 
aids in priming the system with the treating elements in 

35 position in bore 68, if so desired. 
For providing the pressurized flow of liquid to 

transport treating elements to and from the distal end 
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of catheter 60, a pair of piston-cylinder arrangements 
are provided on opposite sides of the body portion 62. 
Piston-cylinder arrangement 72 provides the liquid flow 
for dispatching the treating elements to the distal end 

5 of tbe catheter and piston-cylinder arrangement 74 
provides the reverse liquid flow for retrieving the 
treating elements therefrom. 

Interior passageway 76 in the body 62 communicates 
between liquid inlet port 78, central bore 68 and the 

10 cylinder of dispatch piston-cylinder arrangement 72, 
which provides the fluid flow for moving the treating 
elements into and along a principal lumen of the 
catheter 60. One-way, spring loaded ball valve 80 
within passageway permits liquid to enter through the 

15 inlet port but blocks liquid froa exiting from the port. 
vent 79 allows displacement air to exit from. the 
passageway 76 when liquid is added, for priming purposes 
and the like, and a pressure relief valve 81 may be 
provided to preventoverpressurization of the catheter. 

20 Interior passageway 82 in the body 62 communicates 
between the cylinder of the retrieval piston-cylinder 
arrangement 74 and a return lumen of the catheter 60. 
At the distal end portion of the catheter, the return 
lumen communicates with the principal lumen to provide a 

25 closed circulation path for the liquid that dispatches 
and retrieves the treating elements. 

In addition, the body 62 has a third interior 
passageway 84 that c011Bunicatea between quide wire inlet 
86 and a guide wire lumen of the catheter 60. By 

30 itself, the catheter 30 may not have sufficient strength 
or torsional rigidity for insertion along a lengthy 
serpentine vascular path -- in typical angioplasty 
procedures, the distance between the percutaneous entry 
point and the coronary artery may be approximately 3-4 

35 feet (90-120 ca). To assist in positioning the distal 
end of the catheter at the desired location, the 
catheter may be advanced over a guide wire that is pre-
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inserted to the desired location in a manner well known 
to those skilled in performing angioplasty and similar 
procedures. The CJUide wire inlet preferably includes a 
Touby-Borst valve or similar known device to close the 

5 guide wire inlet around the guide wire to restrict 
leakage of blood or other fluid from the quide wire 
lumen. 

In use, the interior passageways, piston-cylinder 
arranqements, and catheter principal and return lumen 

10 are filled with sterile water or saline through the 
liquid inlet port 78 and one-way valve 80. In the 
initial position, the dispatch and retrieval piston­
cylinders are oppositely positioned, with the piston of 
the dispatch piston-cylinder 72 in a withdrawn position, 

15 as shown in Pigure 2B, and the piston of the retrieval 
piston-cylinder 74 in an advanced position, also as 
shown in Pigure 28. Before the treating elements can be 

moved to tbe desired. position, gate 70 controlling the 
central bore must be opened. 

20 By advancing the dispatch piston, the liquid in the 
dispatch cylinder is forced through the interior flow 
path 76 and into the central bore 68 containing the 
treating elements 22. The pressurized liquid flow 
ejects the treating elements from the central bore and 

25 forces the treating elements along the principal lumen 
of the catheter to the distal end portion located at the 
site to be treated. As liquid moves along the principal 
lumen in a distal direction, it displaces an equal 
amqunt of liquid that returns along the return lumen and 

30 enters the cylinder of the retrieval piston-cylinder 
arrangement 74, pushing the retrieval piston outwardly. 

Retrieval of the treating elements may be 

accomplished by reversing the steps described above. 
The retrieval piston is advanced, forcing liquid in a 

35 reverse or distal direction along the return lumen and 
returning the fluid to the body along the principal 
lmnen. The liquid flow moves the treating elements in a 
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proximal or return direction along the principal lumen, 
returning them to the central bore of the body 62. 'l'he 
returning liguid enters the cylinder of the dispatch 
piston-cylinder arrangement 72. 

5 With the catheter system as shown in Figure 2B, a 
completely closed system is provided, and no liquid.that 

contacts the treating elements is allowed to enter the 
patient's body. This may be particularly important when 
the treating agent is radioactive. The closed system 

10 arrangement also allows the treating elements, whether a 
single element or a train of treating elements, to be 

shifted back and forth slightly while in the distal 

portion of the catheter by alternately slightly 
depressing the dispatch and retrieval pistons. 'l'his 

15 technique may be used to provide a more uni~orm exposure 
of the selected vessel area, particularly where there is 
dead space between or at the ends of the treating 
elements. 

A variation on the catheter system of Figure 28 is 

20 depicted in Pigure 2C. The catheter system 88 shown 

there similarly includes a combination pwnp and loading 
device 90 and a multi-lumen catheter 92. The 
combination pump and loading device 90 also has a body 

portion 94 with a distal end portion 96 attached to the 

25 catheter 92, and a proximal end portion 98. In this 
embodiment, however, liquid inlet port 100, guide wire 

inlet 102 and dispatch and retrieval bellows 104 and 

106, respectively, are located on one side of the body 
94. This arrangement permits a large cylindrical 

30 chamber 108 to be provided, extending inwardly from the 

proximal end of the body, for receiving a carrier or 

insert 110 which is pre-loaded with treating elements 
22. Alternatively, the body 94 and insert 110 could be 

of one piece or integral construction. 

35 Insert 110 has a central bore 112 in which the 

treatinq elements are located, a gate 114 controlling 

passage of the treating elements from the central bore, 



WO '7137715 PCT/US97/05538 

23 

and a laterally extending branch 116 of the central 
bore. When inserted into the chamber 108 of the body 
94, central bore 112 of the insert 110 is aligned with 
central passageway 118 of the body 94, which 

s communicates directly with a principal lumen of the 
catheter 92, and branch 116 communicates with internal 
passageway 120 of the body, which connects to the liquid 
inlet port 100 and the dispatch bellows 104. 

Alternatively, the insert 110 could have a 
10 plurality of bores and be rotatably mounted in the body 

for selective alignment of the bores with inlet port 100 
and central passageway 118. In this arrangement, one 
bore could be empty for fast priming of the system and 
another bore could contain the treating elements. 

15 As with the embodiment in Pigure 2B, an internal 
liquid flow passageway 122 is provided in the body 94, 
communicating between the retrieval bellows and a return 
lumen of the catheter 92, and a guide wire passageway 
124 is provided between a CJUide wire lumen of the 

20 catheter and guide wire inlet 102. A1so similarly, a 
vent 126 is provided in communication with the 
passageway that connects with the liquid inlet port 100. 

In operation, the catheter system of Figure 2C is 
essentially identical to that discussed regarding Figure 

25 28. The embodiment of Figure 2C allows the treating 
elements to be conveniently stored separately from the 
remainder of the catheter system, for example in special 
radiation-proof containers. 

It should be clear that in each of the embodiments 
30 discussed above, the body, carrier (insert or carriage) 

and catheter may be provided in various combinations of 
assemblage, as a matter of choice. For example, the 
body and carrier could be preassembled or even of one 
piece construction. Similarly, the body could be 

35 preasaembled with the catheter tube, with the carrier 
separate for convenient storage and transportation of 
the treating elements. Alternatively all three elements 
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could be separate and assembled in the desired 
configuration on site -- this would permit the physician 
to select the appropriate combination depending on the 
desired procedure. 

For radiation exposure of the desired site, the 
treating elements 22 contain radioactive material, 
preferably beta-emitting. In tbe preferred embodiment 
shown in Figure 3, the treating elements are elongated 
hollow cylinders 128 which are preferably constructed of 

10 stainless steel, silver, titanium or other suitable 
material, and are ideally in the ranqe of 2.5 to 5.5 mm 
in length. The cylindrical treating elements have 
rounded first and second ends with a chamber 130 
extending therebetween. The inner diameter of chamber 

15 130 is preferably in the range of 0.4 to 0.6 mm. A 
first end plug 132 closes the first end of the cylinder, 
while a second end plug 134 closes the second end. The 
end plugs are preferably less than about 1 Dll in width 
and are affixed to cylinder 128, for example, by 

20 welding. 
The outer diameter of the treating elements is 

preferably between approximately 0.6 and o.a mm, being 
sized, of course, to slidably fit into the respective 
receiving bores of the carriages, bodies and catheter 

25 lumen described above. To permit maximum mobility 
through the loading devices and catheters described 
above, the inner diameter of each of the bores or lumens 
the treating elements pass through should preferably be 
less than twice the outer diameter of the cylindrical 

30 treating elements and the outer surf ace of the treating 
elements may be coated with Teflon material or similar 
low-friction material to reduce friction between the 
treating element and the wall of the lumen in which it 
moves. This allows the treating elements to move 

35 quickly through the lumen, minimizes unnecessary 
exposure of other tissue to the treating elements and in 
particular minimizes radiation exposure to other tissue. 
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dosage. For the preferred dosage, the radioactive 

material may have a radioactivity of approximately 0.45 

and 25,000 mci per centimeter of vessel to be treated, 

depending on the radiation source used. As described 

S briefly earlier, when a train of treating elements is 

used which have dead space (non-radioactive) between 

adjacent elements, the train may be oscillated by moving 

the catheter slightly back and forth or by briefly 

repeatedly reversing the flow of liquid, resulting in a 

10 shifting back and forth of the treating elements to 
provide a more uniform radiation exposure of the 
selected area of the vessel. 

The selected radioactive material may be contained 

within glass, foil, or ceramics, or, alternatively, 

15 within a powder or liquid medium, such as microparticlea 

in liquid suspension. When solid materials are used, 
the pref erred outer diameter of the material is 
approximately o.s mm, allowing it to be inserted into 

the central chamber 130 of the treating element cylinder 

20 128. such radioactive materials may be formed into 

pellets, spheres, and/or rods in order to be placed into 

the chamber of the treating element. 
Various alternative treating elements may a1ao be 

used to contain the radioactive material without 

25 departing from the present invention. ror example, the 

treating elements aay be toroidal, spherical, or in the 

form of elongated rings, and in such configurations, the 

radioactive material may be actually impreqnated in a 
metal and formed into the desired shape. Alternatively, 

30 a radioactive powder may be fired to fuse the material 

so that it may be formed into the desired shape, which 

may then be encapsulated in metal, such as titanium, 

stainless steel or silver, or in plastic, as by dipping 

in molten or uncured plastic. In still another 

35 embodiment, the treating elements may be formed from a 

ceramic material which has been dipped in a radioactive 

solution. In a still further alternative, the treating 
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Additionally, to increase the surface area of the 
treating elements subject to the motive force provided 
by fluid being passed through the system, the treating 
elements may also be provided with one or more annular 

s ridges which extend outwardly about the circumference of 
the treating elements. 

To treat a length of vascular tissue, a plurality 
of individual, non-connecting treating elements, 
positioned end-to-end to form a train of treating 

10 elements, as illustrated in the attached figures, may be 

used. To keep the treating elements uniformly spaced· 
from each other, and, more importantly, to prevent the 
treating elements from becoming too spaced apart while 
moving through the catheter, the individual treating 

15 elements, however, may be connected by several lengths 
of hard tempered spring wire 136, as is shown in Figure 
3. 

Bach treating element 22, as· constructed above, 
encapsulates a therapeutic agent, such as a radiation 

20 emitting substance 138. Radiation emitting substance 
138 is contained within interior chamber 130 of the 
treating element and may be composed of any alpha, beta 
or gamma particle emittinq substance. Preferably, 
however, the radioactive source is a pure beta-particle 

25 emitter, or beta and gamma emitter. Examples of such 
substances include strontium10

, Ruthenium'°•, 
Phosphorus12 , Iridium112

, and/ or Iodine125 • 

The amount and strength of the radioactive material 
contained in the combined number of treating elements 22 

30 should be sufficient to deliver a desired dosage of from 
100 to about 10,000 rads, preferably about 700 to s,ooo 
rads, in about 2-10 minutes. In trials of the device, 
doses of between 1200 and 1600 rads have been delivered 
over a period of between two and four minutes. 

35 Radioactivity is generally measured in units of •curie" 
(Ci), and the radioactivity of the material for the 
present invention is selected to provide the above 
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elements 22 may be constructed in the form of two piece 
hollow cylindrical capsules having a larger-diameter 
half with a central cavity and a smaller-diameter half 
also having a central cavity, the smaller half slidably 

5 received within the larger half and bonded or welded to 
fo~ the capsule structure. 

Turning now to a more detailed description of the 
catheters of the present invention, as stated 
previously, catheters of the present invention may be 

10 pre-attached to the loading device or, as discussed with 
regard to Figure 2, a fitting such as 38 may be provided 
for attaching an elongated catheter tube to the loading 
device. Although catheters of the present invention may 
vary in the number of lmaens or tbe specific 

15 construction of such lumens, those catheters have in 
common, a proximal end attachable to a body member such 
as body 26, a distal end opposite the body which is 
adapted to be positioned at a selected site in the body, 
and an elongated tubular portion therebetween. Por 

20 those catheters that are not pre-attached to the loading 
device, the proximal end may be provided with a keyed 
f ittinq to allow attachment of only certain catheters to 
the fitting on the loading device. Such fittings may 
include those generally known in the art which will not 

25 be discussed herein, but also may include specially 
designed fittings which would be peculiar to this 

device. A specially keyed fitting would prevent the 
inadvertent attachment of the fitting or body to other 
catheters on the market which are not specifically 

30 designed to receive the treating elements and/or to 
prevent the treating elements from being released into 
the body. 

As used herein, the terms "elongated tube," 
"elongated catheter tube" and similar phrases are 

35 intended to include a catheter possessing one or more 
lumens produced from a single extrusion and catheters of 
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multiple lumens wherein the catheter is made up of 
several separate tubes bundled together. 

Figure 4 depicts the distal end portion of one 
catheter of the present invention, generally at 140, 

5 with the treating elements located in the distal end 
portion. In this embodiment, the catheter COllpriaes a 
single tubular member 142 having a proximal end portion 
(not shown), a distal end portion and a lumen 144 
extending tberebetween. The tubular member is 

10 preferably extruded from Nylon 11 material, although 
other suitable plastic materials may be used. 'l'he outer 
diameter of the tubular member is sized according to the 
intended application -- for example 5 French or 
smaller for use in treating the stenotic site of a 

15 coronary artery. The inner diameter of the lumen is 
correspondingly sized to receive the treating elements 
22. 

To prevent treating elements 22 from. exiting the 
distal end of the tubular member, a retention projection 

20 may be provided in the lumen to block passage of the 
treating elements, such as an end barrier 146. Barrier 
146 is a separate molded tip adhered or bonded to the 
distal end portion of tubular member 142. Barrier 146 
preferably has a smooth rounded external surf ace to 

25 minimize possible abrasion to a vessel or other tissue 
and a central opening 148 to allow liquid flow 
therethrough. 

To aid in placement of the catheter at the desired 
location, a marker band 150 is attached to the outer 

30 surface of tubular member 142 at the distal end portion. 
To provide a continuous smooth outer surface, a slight 
undercut may be provided in the surf ace of the catheter 
tube, in which the marker band resides. Although shown 
on the exterior surface of the catheter, the marker band 

35 may also be provided internally as well. Preferably the 
barrier 146 and marker band 150 are constructed from 

barium, a platinum-iridium compound, or like substance, 
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which is visible by fluoroscope during placement of the 
catheter. 

In use, still referring to Figure 4, the distal end 
portion of the tubular portion is introduced into the 

s body of a patient into a selected site, such as the 
coronary artery 152 following balloon angioplasty. In 
such instances, a guide wire will typically be pre­
positioned in the patient, although a guiding catheter 
could also be used. The distal end of the catheter is 

10 then advanced over the guide wire, through lumen 144. 
The positioning of the device is made more precise due 
to the ability to fluoroscopically observe the barrier 
146 and marker band 150 at the distal end portion of the 
catheter tube. 

15 After the distal end portion of the catheter is 
positioned such that the previously stenosed area, 
generally at 154, of the coronary artery is located 
between the barrier 146 and.marker band 150, the guide 
wire can be removed, and the proximal end of the 

20 catheter can be connected to a treating element loading 
device and/or pump, as described earlier with reference 
to the Figure 2-2B embodiments. 

so connected, the treatin9 elements 22 are in 
direct cOllllllunication with lumen 144 of the catheter and 

25 a flow path is formed therebetween. Pressurized liquid, 
such as from a fluid pump, syringe or other piston­
cylinder arrangement, plunger, or elevated saline 
solution container, is then directed against the 
treating elements, causing them. to advance along the 

30 catheter lumen until stopped by the end barrier 146. 
Ref erring to the Figure 2A embodiment of a loading 

device as an example, to move the treating elements 22 
from the body 26 to the selected site in the patient, 
the carriage 48 is moved from the first position to the 

35 second position. This releases the treating elements 
into the flow path where they are carried rapidly by the 
motive force of the fluid therein into and through .the 
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lumen of the catheter to the distal end portion, which 
is located at the stenotic site. 'l'he rapid 
transportation of the treating elements reduces the 
amount of radiation which is transmitted to tissues in 

5 the body through which the elongated catheter tube 
extends. In this embodiment, the liquid transporting 
the treatinq elements exits through the central opening 
148 in the end barrier 146. 

As noted above, upon reaching the distal and 
10 portion of the elongated tube, tbe treating elements are 

prohibited from being ejected into the patient by the 
barrier 146. once more, the barrier and marker band may 
be used to fluoroscopically visualize the released 
radioactive elements, and account for their location. 

15 The barrier and aarker band may be specifically spaced 
to cover the distance of the lumen occupied by the total 
length of the radioactive treating elements, and the 
location of the elements may be confirmed by ·viewing a 
solid image between the barrier and marker band on the 

20 fluoroscope. 
To maintain the treating elements within the distal 

end portion of the elongated tube, a constant fluid 
pressure through the lumen and against the treating 
elements may be required to counteract the effects of 

25 external blood pressure and/or gravitational forces 
exerted upon the treating elements, depending on the 
angle at which the distal end portion of tbe elongated 
tube is placed and on the specific location in the 
patient. 

30 Preferably, in order to sufficiently irradiate the 
stenotic site of a coronary artery that has been 
subjected to P'1'CA to inhibit intimal hyperplasia, the 
treating elements should remain at the selected site for 
a sufficient time to deliver a therapeutically effective. 

35 amount of radiation, which is preferably between about 
100 and 10,000 rads, preferably about 700 to s,ooo. The 
length of time required to deliver this dosage of 
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radiation depends primarily on the strength of the 

radioactive source used in the treating elements and the 

number of treating elements employed. The radioactivity 

needed will depend on the strength of the source used 

s and the emission, and may be in the range of 0.45 to 

25,000 mCi depending on the source. After sufficient 

time, such as 2 to 10 minutes, has been allowed for 

treatment, the treating elements may be removed by 

withdrawing the catheter from the patient or by applyinq 

10 suction (such as by a syringe) to the proximal end of 

the lumen in which the treating element travels. In 

trials of the device, doses of between 1200 and 1600 

rads have been delivered over a period of between two 

and four minutes. 
15 Another embodiment of an elongated catheter tube 

156 of the present invention is shown in Figure s. The 

proximal end of the catheter tube may be pre-attached to 

a loading device/pump or employ .. a fitting for keyed 

attachment to such a device, as described in detail 

20 earlier. Accordingly, only the distal end portion of 

the catheter is depicted in Figure s. 
As shown in Figure s, the elongated tube 156 

comprises co-axial inner and outer tubes 158 and 160 

respectively. Inner tube 158 defines an inner bore or 

25 lumen 162, through which the treating elements 22 are 
advanced. Inner and outer tubes are spaced apart to 

define to define a return lumen 164 therebetween for 

return of the liquid used to advance the treating 

elements. 
30 The distal end of the outer tube 160 tapers to a 

narrow, flexible and atraumatic tip 166 bonded to the 

outer tube. A radiopaque barrier 168 located slightly 

beyond the end of the inner tube 158 closes the outer 

tube 160 and blocks further proximal movement of the 

35 treating elements 22. Similarly to marker band 150 of 

the previous embodiment, a marker band 170 may be 

provided in an undercut area on the surface of outer 
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tube 160 at a location spaced proximally from the 
barrier 168 to enhance placement of the distal end 
portion and the treating elements at the desired 
location. 

5 When used to treat the site of a coronary artery 
where a balloon angioplasty procedure has been carried 
out, this catheter 156 is positioned in the previously 
stenosed site by a guide tube or similar device. 
Positioning of the distal end portion of the catheter 

10 may be viewed fluoroscopically due to the radiopaque 
barrier 168 and aarker band 170. 

If not pre-attached to a loading device/pump, the 
proximal end of the catheter ia attached to such a 
device as described earlier. Without unnecessarily 

15 repeating earlier description, the treating elements 22 
are advanced along the inner lumen 162 of the catheter 
under the force of 1iquid· flowing therethrough. With 
this embodiment, in&tead of :exiting from the distal end 
of the catheter, the liquid exits from the distal end of 

20 the inner lumen (or through a side aperture 172 in the 
wall of the inner tube), and returns through the return 
lumen 164 provided between the inner tube and the outer 
tube. The return liquid may be allowed to exit through 
the loading device/pump or may be collected therein, as 

25 described earlier, for alternative disposal. 
Unlike the first embodiment, this embodiment is a 

completely closed system, in that the fluid is not 
released into the patient and the treating elements 22 
do not contact the blood. While this eliminates the 

30 effects of blood pressure in moving the treating 
elements, a small but constant fluid flow may be 
required to maintain the treating elements in the distal 
end portion of the elongated catheter tube due to the 
gravitational effects in the event the treatment site is 

35 at a higher elevation than the proximal end of the 
catheter. By oscillating the liquid flow between the 
dispatch and retrieval pistons, the train of treating 
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elements 22 may be shifted slightly back and forth to 
make the exposure along the desired area more uniform. 

The radioactive treating elements remain in the 
distal end portion of the elongated tube for a 

5 sufficient period of time to deliver a therapeutically 
affective amount of radiation. As was previously 
discussed, this is preferably about 100-10,000 rads, in 
the case of inhibiting the development of intimal 
hyperplasia. After a sufficient amount of radiation is 

10 delivered, the treating elements 22 may be retrieved 
from the distal end portion of the elongated catheter 
tube and returned to the loading device by introducing 
pressurized fluid into the return lumen. This reverses 
the flow of liquid and creates an oppositely directed 

15 aotive force on the treating elements forcing them 
proximally through the inner lumen 162 for return to the 
loading device. The elongated catheter tube may then be 
removed from the patient and the procedure concluded. 
Alternatively, the treating elements may be removed by 

20 withdrawing the catheter from the patient. 
In a third alternative embodiment of the present 

invention shown in Figures 6A and 68, the catheter is 
constructed and operates similarly to that described for 
the Figure 5 embodiment. Elongated catheter tube 174 

25 comprises co-axial inner and outer tubes 176 and 178 
respectively. Inner tube 176 defines an inner bore or 
l\lllf!n 180, through which the treating elements 22 are 
advanced. Inner and outer tubes are spaced apart to 
define a return lumen 182 therebetween for return of the 

30 liquid used to advance the treating elements. 
The distal end of the outer tube 178 is not 

tapered, but is closed by radiopaque solid tip 184, 
which also serves as a barrier to the treating elements 
as they move along the inner lumen 180. Also similarly, 

35 a marker band 186 is provided on the surface ot outer 
tube 178 at a location spaced proximally from the tip 
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174 to enhance placement of the distal end portion and 
the treating elements at the desired location. 

The initial placement of tbe distal end portion of 
elongated catheter tube 174 is facilitated by the use of 

s a third or guide tube 188, as is shown in FIG 6a·. AB 
shown therein, the separate third tube 188 has a 
proximal end portion (not shown), a tapered distal end 
portion and a lumen 190 extending therebetween. 

In use, the guide tube has sufficient strength or 
10 rigidity for placell8nt or is placed into the body of a 

patient over a pre-positioned guide wire, so that the 
distal end portion of the third tubular member is 
located at a specific selected site within the body at 
which treatment is desired. Once the guide tube is 

15 positioned at the selected site, and the guide wire at 
least partially pulled back, the elongated catheter tube 
174 shown in Figure 6A may be inserted into lumen 190 of 
the guide tube. 

_AB in the Figure 5 embodiment, the embodiment shown 
20 in Piqures 6A and 6B allows treating elements 22 to be 

hydraulically moved between the proximal and distal end 
portions of the elongated tube, with the direction of 
the hydraulic flow being determined by the pressure 
gradient existing between the delivery and retrieval 

25 lwnens. Thus, after maintaining the treating elements 
at the distal end portion of the elongated catheter tube 
for a desired period of time, the treating elements may 
be retrieved by reversing the flow of fluid through the 
elongated tube. Following this the catheter and third or 

30 guide tube may be removed from the patient and the 
procedure concluded. 

Another embodiment of the catheter of the present 
invention, particularly intended for placement at a 
desired location by advancement over a guide wire, is 

35 shown in Figures 7A and 7B. The elongated catheter tube 
192 comprises a pair of inner tubes 194 and 196 that 
extend in a parallel side-by-side arrangement within an 
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outer tube 198. Inner tube 194, which is of smaller 
diameter than tube 196, defines an inner lumen 200 for 
receiving a guide wire used for placement of the 
catheter at the desired location within the patient. 

s Inner tube 196, which is of larger diameter, provides 
inner lumen 202 along wbieh the treating elements 22 
travel. Return lumen 204 is provided by the space 
between the inner surface of the outer tube 198 and the 
outer surfaces of the inner tubes 194 and 196 for return 

10 · flow of liquid used to transport the treating elements. 
As seen in Figure 7A, the outer tube 198 has an 

open tapered distal end. An interluminal wall 206 is 
provided within the outer tube at the beginning of the 
taper and at the distal end of the inner tubes 194 and 

15 196. The wall 206 includes an aperture in sealed 
communication with lumen 200 of inner tube 194, through 
which a guide wire may pass. The wall 206 is preferably 
slightly spaced frOlll the distal end of· the other inner 
tube 196, through which the treating elements pass, to 

20 allow liquid to exit from. the end of tube 196 for return 
through the return lumen 206. The wall also provides a 
barrier to prevent the treating elements from exiting 
the end of tube 196. 

As in the earlier embodiments, the elongated 
25 catheter tube 192 has first and second radiopaque marker 

bands, 208 and 210 on the outer tube to aid in placing 
the distal end portion at the desired location in the 
patient. As noted earlier, although generally depicted 
on the outer tube in many of the embodiments, the 

30 markers may be provided inside the catheter at any 
convenient location, such as on an inner tube or 
surface, without departing from the present invention. 

In use for treating a stenotic site in a coronary 
artery with radiation, the proximal end of the elongated 

35 catheter 192 tube aay be pre-connected to a loading 
device/pump or separately connected to such a device by 
a keyed fitting or similar arrangement, as discussed 
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earlier. The distal end portion of the elongated 

catheter tube is then positioned at the selected site 
within the body of the patient by advancing the catheter 
over a pre-positioned guide wire. In this embodiment, 

5 the guide wire may be allowed to remain in position. 
'!'bis has the significant advantage that it is 
unnecessary to insert the guide wire a second time if a 

further catheter or device needs to be inserted after 
the treatment is cODlpleted. 

10 Tbe radiopaque marker bands 208 and 210 are visible 
on a fluoroscope and aid in the placeDLent of the device. 
When the distal end portion of the elongated tube is 
positioned such that the selected site is located 
between marker bands 208 and 210, liquid may be pumped 

15 through the lumen 202 to move the treating elements to 
the distal end portion of the elongated catheter tube, 
where they are accounted for by.the positioning of the 
marker bands. After sufficient irradiation bas 
occurred, the flow through the device is reversed by 

20 reversing the flow of pressurized fluid through the 
return lumen causing return of the treating elements to 
the loading device. 'l'be elongated catheter tube may then 

be removed from the patient and the procedure completed. 
A further alternative embodiment of the catheter of 

25 the present invention, preferably intended for placement 
over a guide wire, is shown in Figures 8A and 8B. The 

elongated catheter tube 212 comprises a pair of inner 
tubes 214 and 216 that extend in a parallel side-by-side 

arrangement within an outer tUbe 218. As in the Figure 

30 7 embodiment, inner tube 214, which is of smaller 
diameter than tube 216, defines an inner lumen 220 for 

receiving a guide wire used for placement of the 
catheter at the desired location within the patient. 
Inner tube 216, which is of larger diameter, provides 

35 inner lumen 222 along which the treating elements 22 

travel. A return lumen 224 is provided by the space 
between the inner surface of the outer tube 218 and the 
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outer surfaces of the inner tubes 214 and 216 for return 
flow of liquid used to transport the treating elements, 
in the very same manner as depicted in Figure 78. In 
the Figure 8 embodiment, however, inner tube 214 (for 

5 the guide wire) extends fully along the length of the 
outer tube 218, and is bonded to the outer tube at the 
distal-most 1oaation, where the outer tube is tapered. 

In Figure BA, an internal barrier 226 is provided 
at the end of the inner tube 216, through which the 

10 treating elements are carried, to block the passage of 
treating elements from the distal end of the tube 216. 
A center opening in the barrier 226 allows liquid to 
pass from the lum.en 222 of the inner tube 216 to the 
return lumen. Alternatively, the barrier may be solid 

15 as depicted with barrier 228 in Figure BB (which is 
otherwise the aaae as Figure SA), and an aperture 230 
:may be provided in the wall of inner tube 216 to permit 
liquid to flow between the treating element lumen 222 
and the .return lumen. Although not depicted in Figures 

20 BA or SB, it should be understood that the elongated 
catheter tube may also include a series of marker bands 
appropriately placed along the length of the tube to aid 
in accurate placement in the patient. 

Another embodiment of the catheter of the present 
25 invention is shown in Pigure 9. As shown there, 

catheter 232 has three co-axial tubes, inner tube 234, 
outer tube 236 and intermediate tube 238, which all 
extend the full length of the catheter. Inner tube 234 
has a lumen 240 for receiving a guide wire for placement 

30 of the catheter at the desired location in the patient. 
Inner tube 234 is spaced from intermediate tube 238 to 
define an annular treating element passaqeway 242 
therebetween. xn this embodiment, the treating elements 
are preferably ring shaped, as at 244, or donut shaped, 

35 as at 246, to allow them. to slide over the inner tube 
234 and alonq the passageway 242. To provide a return 
flow channel, the inner diameter of the outer tube 236 
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is slightly larger than the intermediate tube 238 to 
provide a return flow path 248 therebetween~ 

The end of the catheter ia closed by a molded tip 
p1ug 250, preferably of radiopaque material, bonded to 

5 the ends of the inner and outer tubes 234 and 236. 
Center passageway 252 through the tip plug allows for 
the passage of a guide wire or the like for placement of 
the catheter at tbe desired location. The distal end of 
the intermediate tube 238 stops short of the tip plug, 

10 thereby allowing tbe treating element passageway 242 to 
CODIDlUnicate directly with the return flOW' path 248. 
Radiopaque marker bands, although not shown, may also be 
incorporated on the distal end portion of the elongated 
catheter tube to aid in placing the elongated tube 

15 within the body at the selected site. 
After the distal end portion of the e1ongated tube 

is positioned at the desired location in the patient, a 
liguid, such as saline, is forced through· the treating 
element passageway 242 and directed against the ring-

20 shaped treating elements, moving the treating elements 
along the passageway over the inner tube 234 until they 
abut the distal tip plug 250. The radioactive elements 
are retained at the distal end portion of the elongated 
catheter tube for a sufficient tille to deliver the 

25 therapeutically effective amount of radiation to the 
selected site. To retrieve the treating elements, the 
fluid flow ia reversed through the flow path by forcing 
liquid in a distal direction throuCJh the return lumen. 
Following this the elongated tube can be removed over 

30 the guide wire and the procedure completed. 
In a still further embodiment of the present 

invention, shown in Figure 10, a catheter 254 is 
provided which includes both an inflatable balloon 
membrane 256 for carrying out a balloon angioplasty 

35 procedure and treating elements 22 fixed in the distal 
end of the catheter for simultaneous treatment. The 
catheter of Figure 10 includes an elongated tubular 
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portion 258, typically of extruded construction, with a 
guide wire lumen 260 and an inflation lumen 262. A 
balloon membrane is located at the distal end of .the 
catheter tube and sealed to the exterior surf ace to form 

s an inflatable balloon. Port 264 communicates between 
the inflation luaen and the inside of the balloon for 
inflating tbe balloon by pressurized liquid. Only the 
distal end portion of the catheter is shown -- the 
proximal end of the catheter being typical of 

10 angioplasty catheter construction as is well known to 
those skilled in the field 

To perform radiation treatment simultaneously with 
a balloon angioplasty procedure, radioactive treating 
elements 22 are located within the balloon, between 

15 coaxial walls 266 and 268 of the distal end portion of 
the catheter. The treating elements are ring-shaped or 
donut-shaped, as described earlier, .and positioned over 
the inner wall 266. Stop rings 270, preferably of 
radiopaque material, are positioned at each end of the 

20 string of treatment elements to maintain the treatment 
elements at a fixed location within tbe balloon and aid 
in locating the catheter at the desired location. 

The strength and other characteristics of the 
radioactive treating elements are essentially as 

25 described earlier and will not be repeated. With this 
construction, the balloon angioplasty procedure and the 
radiation treatment of the atenotic site may be carried 
out simultaneously instead of sequentially, thereby 
further reducing the time, cost and risk associated with 

30 such procedures. 
In use, catheter 254 is positioned into the 

stenosed area of the artery over a pre-positioned guide 
wire. Using the radioactive treating elements alone or 
in conjunction with the radiopaque end rings, tbe distal 

35 end portion of the catheter is positioned such that the 
balloon portion is located at the stenosed site. 
Pressurized fluid introduced into the proximal end of 
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the inflation lumen, as with a syrinqe, enters throuqh 
port 264, inflating the balloon. The expanding balloon 
membrane 256 compresses the sclerotic plaque and 
increases the diameter of the blood vessel. The balloon 

5 may be def lated and the distal tip retained in this 
position for the desired period of tiae to deliver an . 
effective amount of radiation to the previously stenosed 
area. The device may then be removed from the patient 
and the procedure completed. 

10 Piqure 11 shows a variation of the radiation 
delivery system of Pigure 10. In the Figure 11 

embodiment, the basic operation and construction of the 
catheter are the same as described with respect to that 
shown in Figure 10, except that in Piqure 11, the 

15 radioactive treating elements are located on inner tube 
272 and directly below balloon membrane 274. Balloon 
membrane may be inflated by the.introduction of 

. pressurized fluid through .inflation lumen 276 defined 
between inner tube 272 and co-axial outer tube 278. 

20 Figure 12 shows the distai end portion of another 
balloon catheter 280 embodying the present invention. 
The catheter 280 employs three coaxial tubes, inner tube 
282, outer tube 284 and intermediate tube 286. Inner 
tube 282 defines an inner lumen 288 through wbich a 

25 guide wire may extend for placement of the catheter at 
the desired location. The space between the inner tube 
and the intermediate tube 286 defines an annular lumen 
290, through which rinq-sbaped or donut-shaped treating 
elements may pass. The apace between the intermediate 

30 tube and the outer tube 284 forms a return lumen 292 for 
return of liquid used to transport the treating 
elements. 

The catheter 280 also includes a balloon membrane 
294 bonded at one end to the exterior surf ace of the 

35 outer tube 284 and bonded to the exterior surface of the 
inner tube 282 (which extends beyond the distal enda of 
the intermediate and outer tubes) at the other end. The 
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distal end of the outer tube is closed by a barrier 296, 
which may be radiopaque, to block the exit of the 
treating elements from the distal end of lumen 290. In 
this embodiment, the same liquid used to transport the 

5 treating elements is also used to inf late the balloon 
membrane, although that is not required if a separate 
inflation lumen were provided. To inflate the balloon 
membrane, a side opening 298 or port is provided in the 
wall of the outer tube 284 and also in the intermediate 

10 tube 286 if desired. With this construction, 
pressurized blood-compatible liquid, such as sterile 
saline, may be used to advance the treating elements 
while sim.ultaneously advancing the treating elements to 
the distal end portion of the catheter. The treating 

15 elements may be retrieved by reversing the flow of the 
liquid through the return and treating element lumen 292 
and 290, respectively. Purther release of pressure 
exerted upon the liquid will allow the balloon to 
def late and the catheter to be removed. 

20 Figure 13 illustrates a still further embodiment of 
a balloon catheter 300 which has a pair of adjacent 
parallel inner tubes, 302 and 304, forming quide wire 
lumen 306 and a treating element lumen 308. In a manner 
similar to Figures 7 and e, the inner tubes are 

25 contained within an outer tube, and the interior space 
therebetween forms a return lumen. A balloon membrane 
310 is bonded to the outer surface of the outer tube, 
forming an inflatable balloon. The balloon membrane may 
be inflated, through aide port 312 in the wall of inner 

30 tube 304, by the same blood-compatible liquid that is 
used to propel the treating elements along the lumen 
308. As in Figure 12, this catheter permits expansion 
of the balloon membrane to carry out an angioplasty 
procedure within a blood vessel at the same time the 

35 treating elements are being moved to the dista1 end 
portion of the catheter (where the balloon is located) 

·. 
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to effect radiation treatment of the tissue beinq 
subjected to the balloon anqioplasty procedure. 

Figure 14 shows a device that is essentially 
identical to that shown in Figure 2C and described in 

5 detail earlier, except that the body member 94 includes 
a latch 314, such as spring loaded pin, to retain insert 
110 within chamber of cavity 108. A release mechanism 
316 may also be provided to release the insert. 

Figures 15A-15C show another embodiment of 
10 treatment delivery system that is similar in many 

respects to the embodiaent shown in Figure 2c. In this 
embodiment, however, the gate 114 is in the form of a 
disc 318 pivotally mounted at the distal end of the 
insert 110. The disc includes a pair of spaced-apart 

15 apertures 320 and 322, of different sizes, therethrough, 
which may be moved into alignment with the center bore 
112 of the insert. One of .the .apertures 320 is smaller 
in diameter than the treating ·elements 22, and when 
aligned with the bore 112 blocks the passage of treating 

20 elements from the bore while allowing liquid to pass 
therethrough for priaing and the like. Alternatively, 
the disc may be pivoted to·a position where the larger 
aperture 322 is aligned with the center bore 112, which 
allows the treating elements to be ejected from the 

25 insert by liquid flow pressure and advanced into and 
through the catheter. Por shipment and storage, the 
disc may be positioned to fully cover the bore 112 of 
the insert. 

In this embodiment, the body 94 includes a pair of 
30 opposed side access openings 324 for accessing the disc 

318 to pivot it between the desired positions, and a 
pair of opposed viewing access openings 326 for visually 
verifying the location of the.treating elements. In 
this embodiment, the catheter 92 baa a proximal fitting 

35 328 for attachment to the distal end of the body 94. 
This fitting may be keyed to assure that it is attached 
in the proper relationship to the body and the correct 
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lumen of the catheter are aligned with the proper 

passageways of the body. 
Figure 16 shows a simplified version of the 

treating system of the present invention. As shown 

s there, the treating elements 22 are contained in a 

central passageway 330 of a solid body 332. Female luer 

lock connector 334 is provided at the inlet end of the 

passageway and male luer lock connector 336 is provided 

at the outlet end of the passageway, although a keyed 

10 fitting as described above also may be used. 
During travel and storage a temporary female luer 

lock connector 338 is attached to the outlet connector 

336. The connector 338 includes a pin 340 that extends 
from the connector into the passageway to hold the 

15 treating elements in place and provide a barrier against 

the escape of radiation. The inlet end of the 

passageway is smaller than the treating elements, 

thereby keeping the treating ele•nts·located in 

generally the center of the body 332. 
20 To use this embodiment, the temporary connector 338 

is removed and a female luer lock connector (or keyed 

connector, as discussed above) connector 342 at the 

proximal end of single luaen catheter 344 is attached to 

the outlet connector 336. A source, such as a syringe 

25 or suspended container, of blood-compatible liquid, such 
as saline, is attached to the in1et connector 334, and 

liquid is allowed to flow through the center passageway, 

ejecting the treating elements 22 and forcing them along 

the length of the catheter from the proximal to the 

30 distal end portion, which is preswnable located at the 

site in the vascular system where treatment is desired. 

After the treatment is coaplete, the treating elements 

are removed by withdrawing the catheter from the 

patient's body or by applying a suction to the proximal 

35 end to return the treating elements by the force of 

reversed liquid flow. 
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Figure 17 is identical to Figure 12, except that a 
fourth co-axial outer tube 346 is provided over tube 
284, and the end of the balloon membrane 294 is bonded 
to the outer tube 346 instead of the tube 284. The 

s distal end of the outermost tube 346 terminates just 
inside the balloon membrane, and the space between the 
outermost tube 346 and the tube 284 provides an 
inflation lumen 348 through which pressurized fluid may 
flow directly into the area beneath the membrane to 

10 inflate the balloon. This construction allows a 
separate source of pressurized fluid to be used to 
inflate the balloon Jllellbrane, and inflation of the 
balloon membrane is not dependent on the pressure of the 
liquid used to move the treating elements to the distal 

15 end portion of the catheter. 
Similarly, Figure 18 is identical to Figure 13, 

except that an additional tube .350·· is ·provided over the 
other tubes described in ·connection with Pigure 13, and 
one end of the balloon membrane 310 is bonded to surface 

20 of the tube 350. As with Figure 17, the space between 
the additional tube 350 and the tubes described earlier 
provides an inflation lumen 352, the distal end of which 
lumen opens directly in the area beneath the balloon 
membrane. This construction also allows a source of 

25 fluid, independent of the liquid used to move the 
treating elements, to be used to inflate the membrane in 
carrying out an angioplasty procedure. 

Figure 19 shows a still further embodiment of the 
distal end portion of a catheter 354 having an elongated 

30 inner tube 356 (which extends from a proximal end 
portion, not shown) defining an inner lumen 358. The 
inner tube 356 extends co-axially within an outer tube 
360, the distal end of which stops short of the distal 
end of the inner tube. Balloon membrane 362 is attached 

35 at one end to the surf ace of outer tube 360 and is 
attached at the other end to the surface of the inner 
tube 356. The space between the inner and outer tubes 
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forms an inflation lumen 364, through which liquid may 
be introduced to inflate the balloon. 

A separate elongated catheter tube 364 is 
insertable into inner lumen 358 such that the distal end 

5 portion of the separate tube lies within the area of the 
balloon. The separate tube also bas a lumen 366 

extending from the proximal end (not shown) through 
which treating elements 22 are movable under the force 
of flowing liguid from tbe proximal to the distal end 

10 portion of the catheter {the liquid in this embodiment 
exits through the distal end of the lumen 358). 

In keeping with a further aspect of the invention, 
there are seen in Pigs. 20-37 further improved 
embodiments of an intracoronary radiation system. As 

15 illustrated, improvements have been made to the 
transporting and/or loading device (herein called the 
transfer device}, the catheter,. and·tbe interface 
between the two. once.again, the specificdesiqn of the 
fluid source may be chosen from various alternatives 

20 such as a syringe or other aaechanical pump or automatic 
fluid injection system. 

AB abawn schematically in Pig. 20, the 
intracoronary radiation system comprises a transfer 
device, generally indicated by 401, and a delivery 

25 catheter, generally designated by 403. The transfer 
device 401 functions to house and shield the radiation 
source train, generally indicated by 405, and controls 
tbe direction of fluid flow for priming the transfer 
device 401 and catheter 403 to effect delivery and 

30 retrieval of the radiation elements. The radioactive 
source train 405 comprises two aarker seeds and a 
plurality of radioactive treating elements or "seeds" 
(which are described in greater detail below). The 
seeds of the radioactive source train 405 may be 

35 connected together. 
The transfer device 401 is shown in exploded view 

in Figs. 21a, 21b and consists of three main assembliess 
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rear housing and fluid control switch assembly 407, 
central housing and actuator switch/shuttle gate 
assel'lbly 409, and front housing 411. 

As best seen in Fig. 23, the rear housing 407 
5 comprises a cylindrical member 413, preferably made of 

clear Lexan or clear polycarbonate. The cylindrical 
JDelllber 413 includes two axial through lumena 415 for 
positioning two stainless steel socket head screws 417 
that connect the rear housing 407 to the central housing 

10 409. 
The cylindrical aember 413 includes a cylindrical 

recess 419 fo~ placeaent of the fluid control switch 
421, which is discussed in greater detail below. The 
rear housing 407 includes two female luer fittings 423 

15 and 425. These fittings 423, 425 may be recessed in the 
cylindrical member 413 and are preferably made of a 
polycarbonate and secured to the.cylindrical:member 413 
by, e.g., adhesive. Luer fitting 423 is attached to the 
proximal end of the rear housing 407 and is in fluid 

20 communication with a fluid inlet channel 427. Luer 
fitting 423 connects to a liquid or gas filled device 
(not shown) that is used for hydraulic or pneUllCltic 
de1ivery and retrieval of tbe radiation source train 
405. 

25 Luer fitting 425 may be attached to the bottom of 
the rear housing 407, as seen in Figure 21a, or may be 

attached to the proximal end of the rear housing 407, 
adjacent to luer fitting 425, as can be seen in Figure 
2lb. Luer fitting 425 is in fluid communication with 

30 the fluid exit channel 429 and can optionally be 

connected to a fluid collection bag or reservoir (not 
shown). The cylindrical member 413 also includes a 
hydraulic return channel 431 and a seed delivery channel 
433. Bach of the channels 427, 429, 431, and 433 

35 cC>llllllunicate with the cylindrical recess 419. 
The fluid control switch 421 selectively provides 

access between the various channels 427, 429, 431, and 
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433 to introduce and/or retrieve the radioactive 
treatment elements and the marker seeds from the 

delivery catheter 403. The fluid control switch 421, 

which is preferably made of black Lexan or black Acetal, 

s is generally cylindrical and has two curved portions 

removed f roa the top half of opposing sides of the 

switch 421 to facilitate easy :manipulation of the 

switch. ~o further facilitate easy manipulation of the 

switch 421, the distal end of a pin arm 588 is press 

10 fitted within an opening in the fluid control switch 

421. Utilizing pin arm 588 to maneuver the switch 421 

provides for increased torque. A retention screw 422 

extends through a central bore in the switch 421 and a 

bore in cylindrical housing 413 to secure the switch 421 

15 to the cylindrical member 413. The head of the 

retention screw 422 is notched so that a locking pin 

422a may fit through it. , The locking pin 422a prevents 

rotational movement of the retention screw 422 so that 

counterclockwise movement of the fluid control switch 

20 421 will not loosen the screw 422. It is received in a 

shallow hole drilled in an annular seat in the fluid 

control switch 421 where the head of the retention screw 

422 rests. A locking cap 422b closes the central bore 

in tbe switch 421. Alternatively, to prevent rotational 

25 movement of the retention screw 422, a set screw 584 is 
fitting ~thin the bore of the cylindricai housing 413 

for binding with the retention screw 422 once the 
retention screw 422 has been extended through the 

central bore and washer 586 in switch 421 and the bore 

30 of the cylindrical housing 413. 
In order to limit the degree to which the fluid 

control switch 421 can be rotated, the bottom of the 

switch 421 includes a fluid control slot 453 and a 

cooperating alignment pin 451 is secured in hole 45la in 

35 the recessed area 419 of the rear housing member 413. 

Optionally, the recessed area 419 of the rear housing 

may include the fluid control slot 453 and the 
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cooperating alignment pin 451 can be secured within a 
hole in the bottom. of the fluid control switch 421. The 
fluid control switch 421 also includes three dimples 435 
that interact with a detent ball 437 and compression 

S spring 439 to positively locate the switch in "off", 
"send", and "return" positions. The detent ball 437 and 
compression spring 439 are housed in a short lumen 441 

within the cylindrical member 413. 

As best seen in Pig. 24, the bottom of the fluid 
10 control switch 421 includes a c-ahaped connector channel 

443 and an elliptical-shaped connector channel 445. The 
control switch 421 is re1ieved about the c-shaped and 
elliptical-shaped connector channels 443, 445 in order 
to receive o-rin9s 447 and 449, respectively, which seal 

15 the connector channels 443, 445 against the recess 419. 
To further prevent leakage.around fluid control switch 
421, an o-ring 590 may be~received by·an o-ring channel 
about exterior of the fluid control switch 421, and an 
o-ring 592 may be received by an o-ring channel about 

20 the distal opening of switch 421. The o-rinqs 447, 449, 
590 and 592 are preferably made of Buna-N. 
Alternatively the o-ringa 447, 449, 590 and 592 (as well 
as all other a-rings described herein) can be made of 
ethylene propylene, which has less of a tendency to 

25 swell during the sterilization process. 
In operation, when the fluid control switch 421 is 

in the "send" pQsition, both the fluid injection channel 
427 and the seed delivery channel 433 communicate 
through the c-shaped connector channel 443. 

30 Simultaneously, the hydraulic return channel 431 and the 
fluid exit channel 429 communicate through the 
elliptical-shaped connector channel 445. Thus, fluid is 
allowed to flow through the fluid injection channel 427 
through the c-ahaped connector channel 443 and into the 

35 seed delivery channel 433. Pluid that bypasses the 
.. treating elements reaches the distal end of the delivery 

catheter 403 and returns to the hydraulic return channel 
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431 and is allowed, through the elliptical-shaped 
connector channel 445, to flow through the exit channel 
429. 

When the fluid control switch 421 is in the 
5 •return" position, both the fluid injection channel 427 

and the hydraulic return channel 431 are aligned through 
the c-shaped connector channel 443. Simultaneously, 
both the seed delivery channel 433 and the fluid exit 
channel 429 are aligned through the elliptical-shaped 

10 connector channel 445. consequently, fluid is allowed 
to flow through the fluid injection channel 427 into the 
c-shaped connector channel 443 and through the hydraulic 
return channel 431. As the treating elements and marker 
seeds are forced hydraulically from the distal end of 

15 the catheter 403 back to the transfer device 401, fluid 
is allowed to flow from the seed delivery channel 433 to 
the fluid exit., channel .429 .. through the elliptical-shaped 
connector channel 445 • 

. When the fluid control switch 421 is in the •off" 
20 position, the fluid injection channel 427 is the only 

channel aligned with the c-shaped connector channel 443. 
Thus, no outlet exists for fluid flowing into the 
connector channel 443 from the fluid injection channel 
427. Distal of the rear housing 407 and connected 

25 thereto is the central housing and actuator 
switch/shuttle gate assembly 409. Proper alignment of 
the rear housing 407 and central housing and actuator 
switch/shuttle gate assembly 409 is assured by alignment 
pins 457. As best seen in Pig. 25, the assembly 409 

30 includes a central housing 459 having a central lumen 
461 for receipt of a quartz sleeve 463 (Pigs. 21, 22) in 
which the radiation source train or seeds 405 are 
stored. An actuator switch 465 is located at the distal 
end of the central housing 459 that pivots a shuttle 

35 gate 467 to operate the system. 
Specifically, the actuator switch 465 allows for 

three positions: •connect/prime", "seed transit", and 
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"release". If a separate release button is included, 
tben the actuator switch may allow for only the 
connect/prime position and the seed transit position. 
The connect/prime mode allows for the connection of a 

5 connector 469 (best seen in Figs. 20, 26, and 27 
discussed in greater detail below) to the transfer 
device 401. After connected, the connect/prime mode 

allows for £lushing and priming of the transfer device 
401 and the catheter 403 without the delivery of the 

10 radiation source train 405. 
The seed transit mode allows for the delivery of 

the radiation source train 405 to, and retrieval from, 
the distal end of the catheter 403. The seed transit 
mode of the actuator switch 465 cannot be accessed 

15 unless.the connector 469 has been locked into the 
transfer device 401. This prevents inadvertent delivery 
of tbe radiation source train to any location other than 
the delivery catheter 403. 

The release mode permits the removal of the 
20 connector 469 from the transfer device 401. In order to 

prevent accidental removal of the delivery catheter 403 
from the transfer device 401 prior to the completion of 
the treatment procedure, the release mode is spring 
loaded and aust be held in position while removing the 

25 connector 469. 
TUrning again to Fig. 25, the central housing 459 

is cylindrical in shape and preferably made of clear 
Lexan or clear polycarbonate. A central throuqh-lumen 
461 houses the quartz sleeve 463, which is preferably 

30 made of natural or synthetic quartz or quartz qlaas 
(fused quartz) or other material consisting of natural 
or synthetic fused silica, and has a lumen extending the 
entire length thereof, designated by 463a. The 
radiation source seeds are stored within the lumen 463a 

35 when the seeds are not being delivered to the treatment 
site. In order to more easily discern the presence of 
the radiation source seeds within the quartz sleeve 463, 
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the lower half of the sleeve 463 can be covered with a 

white film 596, preferably vinyl or Tyvek•, to create a 

contrasting background for the source seeds. Care 

should be taken not to obscure the top view of the 

5 radiation seeds. Additionally or alternatively, a 

magnifying piece (not shown) may either encase the 

quartz sleeve 463, or lie along or be embedded in the 

top of the quartz sleeve 463, to permit better 

visualization of the radiation source seeds and marker 

10 seeds. The quartz sleeve 463 is used to shield the 

radiation emitting from the radiation source train so 

that the transfer device 401 can be handled safely. The 

quartz material does not break down as a result of 

storing the radiation-emitting treatment seeds and also 

15 remains clear so that the seeds can be visually 

detected. The quartz rod is of sufficient thickness to 

block at least 99t of the radiation. In practice, a 

thickness of 1 cm has been found to be sufficient. To 

provide a seal for the prevention of fluid leaks, o-ring 

20 464a fits within an annular slot at the distal end of 

the rear housing 407, while o-ring 464b is located at 

the distal end of the quartz sleeve 463. As seen in 

Fig. 21b, a rear housing insert 594 with a lumen 

therethrough may be added as an intermediate member for 

25 providing fluid communication between the seed delivery 

channel 433 and the lumen 463a of quartz sleeve 463. 

30 

The lumen of the rear housing insert is sufficiently 

small in diameter such that the treating elements cannot 

pass through it and enter into tbe rear housing 407. 

A smaller, off-axis, through-lumen 471 extends 

through the central housing 459 and is a continuation of 

the hydraulic return lumen 431 in the rear housing 407. 

Pluid leakage between tbe connection of the return lumen 

431 in the rear housing 407 and the return lumen 471 in 

35 the central housing 459 is prevented by means of an o­
ring 472, preferably made of Buna-R. The central 



W097/3771S PCT/US97/05538 

52 

housing 459 is recessed to receive the actuator switch 
465 at 473. Four shallow holes 475 are machined in the 
recessed area 473 of the central housing that receive 
positioning pins 477 to positively lock the actuator 

5 switch 465/shuttle gate 467 in position for one of the 
three modes discussed above. 

If the "release" mode is spring loaded, there are 
four positioning pin holes 475. The positioning pins 
477 rest in the second and fourth holes when the 

10 actuator switch is in the "connect/prime" mode. In the 
"seed transit" llOde, the positioning pins 477 rest in 
the first and third holes. In the "release" mode, the 
positioning pins 477 do not rest within any of the 
holes. One of the positioning pins 477 is aligned with 

15 the third or fourth hole, but the other positioning pin 
aligns with the solid portion past the fourth hole. The 
solid portion stops movement of the positioning pins 477 
so that they cannot engage with either of the holes. 
once it is no longer forced towards the •release• mode, 

20 the actuator switch 465 is biased by the spring and 
returns to the •connect/prime" mode, where the 
positioning pins 477 rest in the second and fourth 
holes. 

Alternatively, there can be five positioning pin 
25 holes 475, in which case the pins rest in the second and 

fourth holes for the •connect" mode, the first and third 
holes for the "aeed transit" mode, and the third and 
fifth holes for the "release" JBOde, with the actuator 
switch 465 locking into place for the "release" mode. 

30 In practice, the positioning pins 477 are inserted 
into a sliding plate 479 made of Delrin. The sliding 
plate 479 bas a beveled aide and two through holes that 
receive the pins 477. The sliding plate 479 is oriented 
beveled-side up between two legs of the actuator switch 

35 465. The positioning pins 477 are biased into position 
by c01Dpression springs 481. one end of each compression 
spring 481 rests on the head of a positioning pin 477 
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while the other end rests on tbe head of an engagement 
pin 483. The shuttle gate 467, sliding plate 479, 
positioning pins 477, compression springs 481, and the 
engagement pins 483 are maintained in proper position 

s between the proximal and distal legs of the actuator 
switch 465. 

The actuator switch 465 is made of a hard plastic 
material, such as Delrin or Acetal, and has a generally 
rectangular mid-section with two curved arms extending 

10 outwardly and downwardly therefrom to provide a nob-like 
section for grasping by the user. Extending below the 
nob-like portion are two rectangular legs 465a having 
elongated holes drilled therethrouqh for receipt of the 
engagement pins 483 in the distal leg and positioning 

15 pins 477 in the proximal leg. Also extending from the 
bottom of the actuator switch 465 between the 
rectangular legs 465a is an angled projection 465b (Fig. 
21) that mates with the sliding plate 479 when the 
actuator switch 465 is depressed. 

20 Also secured to tbe positioning pins 477, and thus 
the actuator switch 465, is the shuttle gate 467. The 
shuttle gate 467 is pivotally attached to the central 
housing 459 by an axis pin 487. The shuttle gate 467 
also includes a seed hole 489 and a prime/flush hole 

25 491. The seed bole 489 is large enough to allow the 
radioactive elements to pass therethrough and is 
positioned so that it aligns with the through-lumen of 
the quartz sleeve 463 only when the actuator awitcb·465 
is in the •seed transit" mode. The prime/flush hole 491 

30 is sized small enough so that it does not permit the 
radioactive elements to pass therethrough. Prime/flush 
hole 491 is adjacent to the seed bole 489 and aligns 
with the through lumen of the quartz sleeve 463 only 
when the actuator switch 465 is in the connect/prime 

35 mode. Thus, fluid will pass through the prime/flush 
hole 491, but the seeds will not. An o-ring 492, 
preferably made of Buna-N, prevents leakage between the 
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seed bole 489 and prime/flush hole 491 of the shuttle 
gate 467 and the connector 469. Alternatively, the 
shuttle gate 467 could have a single hole that, 
depending upon its position, would allow the passage of 

5 either only fluid (the actuator switch 465 being in the 
connect/prime mode) or fluid and treatment seeds (the 
actuator switch 465 being in the seed transit mode). 

A compression spring 493 biases the actuator switch 
465 away from the shuttle qate 467. When the actuator 

10 switch 465 is pressed downward against the force of the 
compression spring 493, the angled projection 465b on 
the underside of the switch 465 engages the beveled side 
of the sliding plate 479 to force the sliding plate 479 
and positioning pins 477 toward the distal end of the 

15 transfer device 401. The positioning pins 477 are thus 
moved out of engagement with the positioning holes 475 
to permit movement of the actuator switch and shuttle 
gate to the various modes. 

The assembly of the actuator switch 465 and shuttle 
20 gate 467 is configured so that the actuator switch 465 

may be moved from one mode to another only when the 
connector 469 is locked into place. To this end, a 
collar housing 485 holds a collar 495. A front housing 
497 located •t the distal part of the transfer device 

25 401 (Figs. 21, 22) functions to secure the collar 495 
and collar housing 485 to the central housing 459 by 

means of socket head screws 499. Alignment of the front 
housing 497, collar 495, and collar housing 485 (as well 
as the central housing 459) is insured by alignment pins 

30 501. o-rings 500, preferably made of Buna-H, are 
located on opposite sides of the collar housing to 
prevent fluid leakage from. the return channel. While 
the collar housing 485 and front housing 497 are 
preferably made of clear Lexan, the collar 495 is 

35 preferably made of white Delrin. 
The collar housing 485 and the collar 495 both have 

cylindrical through-holes 48Sa and 495a, respectively, 
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which are sized to receive the connector 469. The 

through-hole 495a in the collar 495 •lso has a sloped 

relief 495b of a parabolic shape on the distal face of 

the collar 495. The collar 495 also includes two legs 

s 496a and 496b that extend from the proximal phase of the 

collar that are slidingly received within two hollow 

areas in the collar-shaped recessed area 485b of the 

collar housing 485. A compression spring 498 biases the 

collar 495 so that the central hole 495a does not 

10 normally align with either the central hole 485a in the 

collar housinq 485 or the central lumen of the front 

housing 497. 
The connector 469 works together with the collar 

495/collar housing 485 and the shuttle gate 467 as 

15 follows. Before the connector 469 is inserted into the 

transfer device, the leg 496a of the collar 495 is 

positioned to prevent the shuttle gate 467 from pivoting 

in the direction for the seed transit mode. When the 

connector 469 is inserted into the transfer device, the 

20 proximal tip of the connector 469 contacts the sloped 

relief 495b of the collar 495 to slide the collar 

against the force of the compression spring 498. The 

leg 496a moves against a niche 467a at the edge of the 

shuttle gate 467, still inhibiting movement of the 

25 shuttle gate so that it cannot be positioned in the seed 

transit mode, but allowing the connector 469 to slide 

through the through-hole 495a of the collar 495 and 

through-hole 485a of the collar housing 485. 

The connector 469 includes an undercut area 470 

30 (Fig. 26). Once this undercut area 470 is inside the 

through-hole 49Sa of the collar 495, the compression 

spring 498 forces the collar to slide in the reverse 

direction so that the wall of the through-hole 495a of 

the collar 495 comes into contact with the undercut area 

35 470. In this position, the through-hole 495a of the 

collar 495 is no longer in alignment with the central 

lwnen 461 of the housing 459. The connector 469 is now 
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completely locked into the transfer device and cannot be 

removed when the actuator switch is in either tbe 
connect/prime mode or the seed transit mode. The leg 
496a also no longer blocks the pathway of the shuttle 

5 gate 467 and it can be positioned in either the 
connect/prime or seed transit mode. 

To release the connector 469, the actuator switch 
ia moved to tbe release mode in which the shuttle gate 
pivots so that it hits leg 496b of the.collar 495, 

10 forcing the collar to move against the force of the 
spring 498 and disengage the edge of the through-hole 
495a of the collar 495 from the undercut 470 in the 
connector 469.· The through-hole 49Sa of the collar 495 
then aoves into alignment with the through-hole 485a of 

15 the collar housing 485 and the central lumen of the 
front housing 497, allowing the connector 469 to be 

disconnected by pulling it out of the transfer device. 
The connector 469 functions to connect the delivery 

catheter 403 to the transfer device 401 so that the 
20 lumens of the catheter are aligned with the appropriate 

channels of the transfer device. In practice, the 
connector 469 is made of clear polycarbonate and 
includes a handle portion 501 (beat seen in Figs. 26a, 
26b) which may be corrugated so as to produce a non-slip 

25 surface. The connector is undercut in two places as 
indicated by 503 to allow for the proper positioning of 
two o-rinqs. The connector 465 includes a seed lumen 
505 and a fluid return lumen 507. 

Turning to Fiq. 38, there is seen an alternate 
30 embodiment of a transfer device 401 in which the rear 

housing, central housing, and front housing are combined 
to form a single unit with an upper houainq 560a and 
lower housing 560b. With identical reference numerals 
being used for similar structure, the housing members 

35 560a, 560b encase a fluid control switch assembly 407 
comprising a front and rear manifold, 562a, 562b, 
respectively, that encase a fluid control valve 564. A 



W097/37715 PCTIUS97/0SS38 

57 

control lever 566 is operatively connected to the fluid 
control switch '21 to control fluid flow. As 

illustrated in Fig. 38, the fluid control switch 421 
controls the position of the fluid control valve by 

5 sliding motion, rather than rotational motion. 
correctly positioning the fluid control switch 421 
allows one to align the fluid control valve 564 with the 
desired lumen of the front manifold 564a. 

Downstream of the fluid control valve 564 is a 
10 quartz sleeve 463 that houses the radiation source 

train. A view port 568 in the upper housing member 560a 
permits visual verification of the source train when it 
resides within the quartz sleeve 463. 

At tbe distal end of tbe quartz sleeve is an 
15 alternate design of an actuator switch 570 that 

functionally corresponds to the actuator switch 465 
described above. However, in the embodiment illustrated 
in Fig. 38, the actuator switch 570 operates in 
conjunction with a soft gate 572 (or, alternatively, a 

20 pin gate -- not shown) mounted to a two-part gate 
mechanism housing 574a, 574b. The soft gate 572 is 
cylindrical, made of an elastoaeric material, and 
includes a seed lumen therethrouqh. ~he seed lumen 
within the gate 572 is sufficiently small in diameter so 

25 that the seeds cannot pass through it. The soft gate 
572 designed to protect a treating element if it should 
accidentally be left within the pathway of the gate when 
an attempt to close the gate is made. 

Contained within the housing 574a, S74b are a 
30 sliding ramp 576 and a spring assisted plunger 578, 

which are manipulated by means of the gate lever 580 and 
actuator switch 570. As the gate lever 580 of the soft 
gate 572 is pressed downward and to one side by the 
actuator switch 570 ( 0 open gate mode"), the alidinq ramp 

35 576 maneuvers the plunger 578 (hollow pin) forward 
toward the proximal end of the transfer device so that 
it enters the centered lumen within the soft gate 572. 
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The plunger completely fills the lumen of the soft gate 
and is of a large enough diameter that the seeds can 
pass theretbrough. AS the gate lever 580 is released 
("closed gate mode"), the compressed spring expands, 

5 disengaging the plunger 578 from the soft gate seed 
luaen and sending it and the sliding ramp back to their 
original positions. The seed lumen of the gate 572 
reduces to its original diameter and the seeds can no 
longer pass through the gate. 

10 Alternatively, if a pin gate is used instead of a 
soft gate, as the gate lever of the pin gate is pressed 
downward and slid to one side ("open gate mode"), a 
rotating shaft with an eccentric rotation (i.e., a cam) 
and seed lumen therethrough is rotated so that the pin 

15 no longer occupies any part of the seed lumen. The 
seeds can now be delivered to the distal end of the 
catheter. As the gate lever is released ("closed gate 
mode"), the rotating shaft ia rotated so that the pin 
fully occupies the lwaen and prevents delivery of the 

20 seeds. The pin does not, however, prevent fluid flow. 
Also, the pin gate includes a leaf spring which controls 
the force with which the pin moves. If a aeed is in 
the pathway of the pin gate and an attempt is made to 
close the gate, the seed will not be damaged as a result 

25 of the leaf spring'& control over the pin. Upon contact 
with the seed, the pin's motion will be halted, leaving 
the seed undamaged. 

Downstream of the actuator switch 570 is a collar 
mechanism, indicated by 485. The collar mechanism is 

30 similar in function to the collar assembly shown in Fig. 
25 in that it receives the connector 469 to secure the 
catheter (not show) to the transfer device. Neither the 
pin qate nor the soft gate can be positioned in the 
•seed transit mode" unless the connector 469 has been 

35 fully inserted and locked into the front housing of the 
transfer device. 
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A separate release button 582 may be included for 
disengaging the connector 469 from the transfer device. 
To prevent seeds from inadvertently being displaced from 

the transfer device, the release button 582 can only be 

5 activated when the gate 580 is in a closed position. 

Any attempt to activate the release button 582 when the 

gate 580 is in the •seed transit" mode will not be 

successful. When the gate 580 is positioned to the 
•seed transit" mode, the collar mechanism 485 rotates 

10 such that the connector 469 cannot be disengaged from 
the transfer device. 

The actuator switch 570 and the connector release 

button 582 may be positioned in relation to one another 

such that the actuator switch 570, when being positioned 

15 in the •seed transit• mode, slides over the release 
button 582 making it inaccessible while the gate 580 is 

opened. 
As can be readily appreciated, the interior 

configuration of the transfer device is dictated by the 

20 mechanical functions of its various components. 
However, the exterior can be ergonomically configured, 

as shown in Fig. 39, to be more comfortably held in the 

operator's band. 
Distal of the connector 469 is the catheter 403. 

25 Similar to the catheters discussed above, catheter 403 
bas three lumens1 a seed lumen 509, a fluid return lumen 
511, and a guide wire lumen 513 (Fig. 27). Similar to 

the catheter illustrated in, e.g., Fig. 5, the seed 

lumen 509 and fluid return lumen 511 communicate at the 

30 distal end of the catheter through an interluminal 

connector 512 (beat seen in Fig. 27b). The connector 

512 is preferably made of stainless steel tubing and is 

located in the seed lwaen 509 to also serve as a barrier 

that stops the treating elements from advancing further 

35 within the catheter. 
As illustrated. (Figs. 20, 27a), the catheter 403 

communicates with the connector 469 by means of an 
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extension 508. The extension 508 comprises two separate 
tubes 508a, 508b having lumens that align with the seed 
and fluid return lumena 505 and 507, respectively, in 
the connector 469. As illustrated, the extension tube 

5 508a fully lines the s.eed lumen 505, while the extension 
tube 508b partially lines the fluid return lumen so7. 
The extension 508 is preferably made of Teaoflex Ba-lOOA 
resin and is connected at its distal end to the delivery 
catheter 403 through an optional trifurcation housing 

10 403a in which each of the seed, fluid return, and guide 
wire lumens 509, 511 and 513 converge. A catheter 403 
without a housing for its trifurcation is shown in Figs. 
36a, 36b. Instead, a beat shrinkable s1eeve 403b 

encloses the junction of the various lWDens 509, 511, 
15 513 to provide added strength. 

The catheter 403 is preferably made in a single 
extrusion of Pebax 5533-SA-00 with a matte finish to 
reduce friction. Alternatively, Besno Pebax blends, 
Rytrel, or a material resistant to gamma sterilization, 

20 such as polyolfin, could be used. The material is 
uniform along the entire length of the catheter body, 

including the tip. As best seen in Fig. 27c, the 
outside of the catheter 403 can be in the shape of a 
three-leaf clover, rather than cylindrical. Thia 

25 results in the catheter 403 havinq less "dead• space 
than a cylindrical three lumen catheter and will also 
permit more blood to perfuse past the catheter when in 
use. 

The 9Uide wire lumen 513 of the catheter 403 
30 extends to the distal tip of the catheter so that a 

guide wire can be used to position the catheter at a 
selected site within the patient's body. The guide wire 
lumen 513 may include an extension 519 that includes a 
standard luer 521. The luer 521 permits a valve to be 

35 fitted to the guide wire extension 519, thus permitting 
insertion of the guide wire, drug perfusion, and saline 
flush of the guide wire lumen 513, while preventing 
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blood from exiting the proximal end of the guide wire 
lumen 513. similar to the catheters described above, 
the seed lumen 509 and fluid return lumen 511 are sealed 
to each other so that the fluid or gas used to deliver 

5 or retrieve the treating elements does not exit the 
distal end of the catheter into the body of the patient. 

Additionally, in order to allow the patient's 
blood to more easily perfuse past the delivery catheter 
403, boles 522 (Pig. 28a) can be drilled from the 

10 outside wall of the catheter through to the guide wire 
lumen 513. The holes 522 create passageways for the 
blood within the vessel to travel through the guide wire 
lumen and exit at the distal tip of the catheter. The 
distal end of the catheter 403 is also tapered from the 

15 perfusion holes to the distal tip of the catheter. Once 
the delivery catheter 403 has been properly placed, the 
guide wire can be moved back proximal of the perfusion 
holes 522 so that the guide wire lumen 513 can be 

unobstructed so as to allow for more blood flow. 
20 A1ternatively, the delivery catheter 403 could have a 

separate lumen with holes for perfusion. In either 
case, the catheter could incorporate a valve (not shown) 
in the guide wire or perfusion lumen to prevent the 
blood from f lowinq back to the proximal end of the 

25 catheter. 
Radiopaque markers 515, 517, such as those 

described above, are located at the distal end of the 
catheter 403 approximately three centimeters apart 
(depending on the length of the series of treating 

30 el911lents) to assist in proper placement of the catheter 
and the treating elements used therewith. Suitable inks 
for producing the radiopaque markers include those 
manufactured by a creative Materials, Inc., of Tynsboro, 
Massachusetts and are identified by the product numbers 

35 114-29, 113-49, and 256-04 c. 
As illustrated in Figs. 27, 28a, the guide wire 

lumen 513 extends the entire length of the catheter. 
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However, as shown in Fig. 29a, the guide wire lumen 513 
can be contigured to extend only from the distal tip of 
the catheter to a location proximal the distal tip to 
obtain the "rapid exchange" benefits similar to those 

5 described in u.s. Patent No. 4,762,129 issuing to 
Bonzel. The guide wire lumen 513 preferably extends 
from the distal tip to a location proximal of the 
radiopaque marker 515, so that when the guide wire 514 

is retracted (so as not to interfere with the radiation 
10 emitted from the treating elements) the guide wire 514 

still engages the guide wire lumen 513. 
Turning to Figure 30, there is seen a radioactive 

treating element 523, which can be used as an 
alternative to the treating elements 22 described above. 

15 The treating elements 523 comprise a radioactive 
material sintered into a ceramic rod 525, which is then 
encapsulated in a cylindrical stainless steel capsule 
527. In practice, 12 independent, non-connected 
treating elements 523 are used in a series, with each 

20 element being approximately 2.5111l\ in length so that the 
total length of tbe source train is 3cm. However, the 
seed length and the number of seeds may vary so that the 
total length of the source train is equal to or longer 
than the length of the lesion to be treated. Preferred 

25 radioactive sources include beta-emitting sources such 
aa Strontium-90, Yttrium-90, Ruthenium.-106, Thulium-170 

and Tungsten-185. Gamma - emitting sources, such as 
Iridium-192, may also be used. Such radioactive sources 
are dissolved within a solvent, such as chloride or 

30 sodium nitride into which a ceramic rod is dipped. The 
ceramic rod is then heated so as to sinter the 
radioactive material into the ceramic. The ceramic rod 

is then encapsulated within a hollow, stainless steel 
cylinder, with a cap secured at each end by, e.g., 

35 welding, adhesives, or solvent bonds. Sharp edges are 
removed from the capsule, and a coating can be applied 
to the exterior surf ace so as to reduce the frictional 
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coefficient associated with the capsule during delivery 
through the catheter. The walls of the cylinder may be 
sufficiently thick to block one type of radiation 
emitted from a particular radioactive source, while 

s allowing a second type of radiation (a daughter element) 
to penetrate the cylinder. 

Marker seeds 528 (Figs. 28a, 29a) can be positioned 
on either side of the radioactive source train to assist 
in locating and positioning the treating elements. The 

10 marker seeds 528 may be made of gold, gold-plated 
stainless steel, or synthetic ruby, each of which can be 
seen under fluoroscopy. 

In order to verify the position of the treatment 
seeds 523 and marker seeds 528, the central housing 459 

15 of the transfer device 401 can optionally include a 
fiber optic device associated with the central lumen 
463a of the quartz sleeve 463. Turning to Figs. 31a and 
31b, there is seen a quartz sleeve 463 in which twelve 
treating elements or seeds 523 and two marker seeds 528 

20 rest end-to-end. The central housing 459 includes 
fourteen fiber optic transmission elements 531 and 
fourteen fiber optic receiver elements 533, (i.e., one 
pair for each treating element and marker seed 
comprising the radioactive seed train), which are 

25 positioned on diametrically opposite sides of the lumen 
463a. 

operatively connected to the fiber optic elements 
531, 533 is a aodular circuit board 534 (Fig. 3lb) that 
includes a battery 535, a light source 537, an interface 

30 unit 539, and a light receiver/logic module 541. The 
light source 537 produces either a visible or a non­
visible light energy which is transmitted via the fiber 
optic transaitting elements 531. (Alternatively, 
reflective light energy can be used.) When a 

35 radioactive seed 523 is not present in the t~ansfer 
device between the fiber optic transmission element 531 
and its matching receiving element 533, light energy is 
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transmitted across the lumen 563a at that point and 
received by the receiving element 533, which transmits 
it to the li9ht receiver/logic module 541. The logic 
module concludes that a seed is miasin9 from the sleeve 

5 529 and sends an output to the interface unit 539 

indicating the same. When all the seeds are present 
inside the sleeve 529, all light transmissions are 
blocked. The logic module 541 determines that a11 seeds 
are present (since no light was received) and sends an 

10 output to the interface unit 539 indicating the same. 
If each of the fiber optic elements 531, 533 is 
separately wired to the light receiver/logic module 541, 
then the number of missing seeds can be determined. The 
circuit board 534 may include a digital display on its 

15 exterior side so that the general absence of seeds, or 
the number of seeds lldsaing, can be displayed. The 
interface unit 539 can optionally be replaced with green 
and red light emitting diodes (LED's) S40a and 540b 
(Pig. 31a) so that when a seed is not present, the red 

20 LED 540a is illuminated, and When all seeds are present, 
the green LED 540b is illuminated. 

In an alternative embodiment, (not illustrated) a 
single pair of transmitting element 531 and receiving 
element 533 can be used to verify the position of the 

25 radioactive elements 523. The fiber optic pair 531, 533 

ia positioned just proximal to the distal end of the 
central housing and counts the number of seeds that have 
passed by, recording the number of times the light 
energy is blocked. A micro chip with memory counts the 

30 number of seeds which have either entered or exited from 
the central housing and a logic module reads the number 
to indicate whether all the seeds have been returned to 
the transfer device or, alternatively delivered to the 
catheter. In a further alternative, a timer can be 

35 added to ensure that the seeds are properly counted. If 
the seed length and speed velocity are known, then the 
time it takes for the seed (or seeds) to pass through 
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transmitting light can be calculated and the logic 
module can determine how many seeds have passed by the 
fiber optic pair 531, 533. 

Applicants believe that in order to obtain uniform 
5 dosage of the radiation from the source train, it may be 

important to center the radiation source within the 
walls of the vessel to be treated. If the radiation 
sources are not centered within the vease1 wall, then 
the radiation dosage may not be uniform. (The center of 

10 the blood vessel is not necessarily tbe same as the 
center of the passage way therethrougb. A stenotic 
vessel has a narrow lumen because of plaque or tissue 
that has formed along the vesselrs interior wall. In 
many cases, the plaque or tissue is not uniform in size 

15 or shape along the vessel wall. Thus, the lumen of the 
vessel is non-concentric in relation to the vessel 
wall.) 

The radiation source can be passively centered 
within the vessel wall by using a catheter with a 

20 sufficiently large outer diameter in relation to the 
diameter of the vessel. The difference of the vessel's 
diameter and the catheter's diameter determines the 
degree of movement the catheter will be afforded once it 
is positioned within the vessel. The radiation source 

25 can be centered or approximately centered within the 
vessel wall 542 between the plaque 544 by e.g., the use 
of at least one concentric or non-concentric compliant 
balloon 546, (Figs. 32a, 32b) (i.e., eccentric in 
relation to the catheter 403). When using a catheter 

30 403 that has a non-concentric seed lumen 509, the seed 
lumen 509 is closer to one side of the vessel wall 542 
and the centering balloon 546 needs to be eccentric even 
if the vessel lwnen is concentric with respect to the 
vessel wall 542. If the catheter has a concentric seed 

35 lumen, a concentric balloon can be used only if the 
vessel lumen is concentric in relation to the vessel 
wall. While the balloon 546 is illustrated as extending 
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radially around the entire circumference of the 
catheter, it could extend radially about a partial 
circumference of the catheter. If the radiation 
elements 523 are not centered in the vessel wall, then 

5 the catheter 403 may be partially or fully rotated 
during delivery of the radiation dose so as to not · 
overexpose any one area of the vessel to be treated. 

While a variety of balloon shapes could be used, an 
eccentric coiled balloon 548 (Figs. 33a, 33b) has the 

10 advantage of allowing the patient's blood to per.fuse 
past the catheter 403 and balloon 548. The centering 
balloon could have a separate inflation luaen, or the 
existing seed lumen or hydraulic return lumen could be 
used as the inflation lumen, in which case the seed or 

15 hydraulic return lumen aust be in fluid communication 
with the balloon. The centering balloon, in addition, 
aay be used as a dilation balloon and a stent deployment 
balloon. Alternatively, coatings that at least 
partially block emitting radiation (Fig. 34) could be 

20 applied to the distal end of the catheter. The 
thickness and location of the coating 550 can be varied 
about the periphery of the outside wall of the catheter 
403 in order to have the vessel wall receive a uniform 
radiation dose. 

25 The plaque along a treatment site may also not be 

of uniform composition (i.e. calcified and non-calcified 

plaque). Thus, it may be desirous to use radioactive 
seeds 523 with different activity levels depending upon 
the composition of the plaque in the area of the vessel 

30 to be treated. Such a variable radiation profile aay 

also be desirable either before or after the placement 
or removal of a stent to treat the "end effect" of the 
stent on the vessel wall (i.e., the formation of intimal 
hyperplasia within pocketed areas along the vessel wall 

35 at the ends of the stent). 
Turning to Fig. 35, there is seen a dosimetry 

device 552 that permits the fabrication of radioactive 
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source trains in which the nwnber of seeds and the 
activity level of the various seeds comprising the 
radioactive source train is custom selected. 
Specifically, the dosimetry device 552 comprises a 

5 rotatable cylinder 554 having a plurality of storage 
chambers 556 (14 as illustrated) in which each storage 
chamber 556 houses a plurality of radiation elements 523 
of the same activity. (However, the activity of the 
elements and/or the radioactive source may differ from 

10 chamber to chamber and the elements may include non­
active or passive elements.) A storage chamber may also 
house a plurality of marker seeds. By rotation, the 
cylinder 554 can be positioned so that the individual 
chambers 556 can be aligned with a transfer sleeve 558 

15 which includes means for moving the treatment elements 
from the various chambers 556 into the lumen of a 
transfer sleeve 558. The customized source train can be 
manually loaded into the transfer sleeve 558 or can be 
loaded by an automatic controlling unit, including a 

20 microprocessor in which the physician defines the 
appropriate radiation dosimetry profile and the 
automatic system assembles the customized train and 
loads them into the transfer sleeve 558. After the 
desired source train is fabricated, the transfer sleeve 

25 is detached from. the dosimetry device 552 and the 
radioactive source train is 1oaded into the quartz 
sleeve 463 of the transfer device 401. Alternatively, 
the dosimetry device 552 may be integral with the 
transfer device 401. 

30 The operation of the transfer device 401 of Pigs. 
20-25 can be swmnarized as follows: Initially, the fluid 
control switch 421 is in the "off" position and the 
actuator switch 465 is in the "connect/prime" mode. The 
connector 469 then is inserted into the distal end of 

35 the transfer device 401 until it locks into place, as 
described above. The seed lwnens 433, 463a, 505, 509 
and the return lumens 431, 471, 507, 511 are primed by 
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positioning the fluid control switch 421 in either the 
"return" mode or •send" mode, while the actuator switch 
465 remains in the .. connect/prime" mode. The treatinq 
elements 523 can be delivered to and maintained in the 

S distal end of the catheter 403 by positioning the fluid 
control switch 421 in the •send" position and the 
actuator switch 465 in the •seed transit" mode. 

The treating elements 523 are retrieved and 
repositioned within the transfer device 401 by 

10 positioning the fluid control switch 421 in the "return" 
position, while the actuator switch 465 remains in the 
"seed transit" aoc:le. After the treating elements 523 
are repositioned within the transfer device 401, the 
connector 469 can be disconnected by positioning the 

15 fluid control switch 421 in the "off• position and the 
actuator switch 465 in the spring-loaded "release• mode. 

A treatment procedure utilizinq the transfer device 
401 and delivery catheter 403 ot Pigs. 20-34 can be 

summarized as followat Prior to radiation treatment, a 
20 sterile sleeve is placed over the transfer device 401 

(if, for soae reason, the transfer device has not been 
already sterilized) and the operator confirms that the 
fluid control switch 421 is set to "off" and the 
actuator switch 465 is set to "connect/prime.• The 

25 connector 469 is then inserted into the distal end of 
the transfer device 401. 

The fluid control switch 421 is then set to •send" 
or •return•, while the actuator switch 465 remains in 
the "connect/prime" position. A saline-filled syringe 

30 or other fluid (i.e. liquid or qas) supply is then 
connected to the fluid injection port 423 of the 
transfer device 401 and positive fluid pressure is 
applied. AS a result, the various channels of the 
transfer device 401 and the closed lUDlens of the 

35 catheter 403 are primed and flushed with saline. Proper 
flushing is contirmed by tbe exit of saline from the 
fluid exit port 425 of the transfer device 401. 
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The connector 469 is then disconnected from the 

transfer device 401 by positioning the fluid control 

switch 421 in the "off" position and the actuator switch 

465 in the "release" position. The transfer device can 

s then be placed in a shielded area for temporary storage 

until ready for use. 
The guide wire lumen 513 of the catheter 403 is 

then primed and flushed by connecting a saline-filled 

fluid supply to the guide wire extension fitting ~21, 

10 519, and saline is forced through the lumen 513 until it 

exits at the distal tip of the catheter 403. 
The delivery system is now ready for performing a 

radiation treatment. If the radiation treatment is to 

follow another procedure, (e.g., balloon or laser 

15 angioplasty, drug delivery, stent or shunt placement, 

coronary artery bypass graft, or atherectomy), any guide 

wire and/or guiding catheter used for that procedure is 

left in place while the .other catheters are removed. If 

the guide wire used in the procedure before the 

20 radiation treatment is not the proper size for the guide 

wire lumen 513 of the delivery catheter 403, then a 

guide wire 514 of the proper size will be exchanged for 

the one already in place. If the radiation treatment is 

to precede another procedure, such as those identified 

25 above, then an appropriately-sized guide wire and 
guiding catheter is introduced into the patient's 

vascular systelll and advanced until their distal ends 

reach the treatment site. The delivery catheter 403 is 

then inserted and advanced through the guiding catheter 

30 over the guide wire 514 to the radiation treatment site. 

Fluoroscopy is used to properly place the delivery 

catheter 403 at the treatment site and placement of the 

catheter 403 is verified by aligning the proximal and 

distal radiopaque markers 515, 517 with the ends of the 

35 treatment area. The guide wire 514 is then retracted to 

just proximal of the treatment site and the proximal 
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radiopaque marker 515 so as to not interfere with the 
radiation emissions of the treatment elements 523. 

The transfer device 401 is then connected to the 
catheter 403 by means of the connector 469. To do so, 

s the operator confirms that the fluid control switch 421 
is in the "off'' position and the actuator switch 465 is 

in "connect/prime" position and the connector 469 is 
inserted into the distal end of the transfer device 401 
to connect the delivery catheter 403 to the transfer 

10 device 401, as described above. A liquid or gas 
supply, such as a saline-filled syringe or gas pump, is 
connected through the luer lock 423 to the fluid inlet 
channel 427 of the transfer device 401. A fluid of a 
higher viscosity than saline may be used to insure that 

15 the individual treatment seeds of the source train 
travel as a group through the seed transit lumen. (A 
pressure gauge and pressure release valve (not shown) 
can be embedded in the proximal end of tbe .transfer 
device 401 to insure that the fluid pressure does not 

20 exceed dangerous levels (e.g. more than 100 psi).) The 
delivery catheter may include an angioplasty balloon at 
its distal end to perform angioplasty at the treatment 
site just prior to, during, or just after radiation 
delivery. A radiation delivery catheter including an 

25 angioplasty balloon may have a separate lumen for 
inflating/deflating the balloon. If ao, the operations 
of the transfer device are unaffected and the balloon is 
separately inflated either before, during, or after the 
radiation delivery. Deflation of the balloon may occur 

30 at anytime after inflation of the balloon. If there is 
not a separate inflation lumen, then the balloon must be 

in fluid communication with either the seed lumen and/or 
the fluid return lumen so that when the radiation 
elements are delivered hydraulically/pneumatically, the 

35 balloon simultaneously inflates. To deflate the 
balloon, a negative pressure must be applied to the 
fluid access port of the transfer device. If the 
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angioplasty is to occur prior to the delivery of the 
radiation elements or after retrieval of the radiation 
elements, the actuator switch 465 must be positioned in 
the "connect/prime" mode to prevent the seeds from being 

s delivered while the balloon is being inflated. If the 
catheter 403 includes a centering balloon (such as the 
eccentric centering balloon 546 of Figs. 32a, 32b or the 
coiled centering balloon 548 of Figs. 33a, 33b), and 
there is a fourth lumen for inflation of the centering 

10 balloon, tben a fluid supply is connected to tbe 
inflation lumen and positive fluid pressure is applied 
to inflate the centering balloon. 

If the oper•tor wishes to confirm the operation of 
the system prior to performing the radiation treatment, 

15 the operator may attach a transfer device 401 which 
contains only non-active or passive seeds to the 
catheter 403 via the connector 469. The passive seeds 
are then delivered to andretrieved from the distal end 
of the catheter 403. Zf the catheter 403 includes 

20 either an angioplasty balloon or a centering balloon, it 
is not necessary to inflate the balloon when testing the 
system. If the system is determined to be working 
properly, the transfer device 401 containing dummy seeds 
is replaced by one containing radioactive seeds. 

25 The operator is now ready to deliver the radiation 
elements 523 to the treatment site. 'l'o do so, the 
operator positions the fluid control switch 421 in the 
"send" mode and the actuator switch 465 to the "seed 
transit" mode. A shield such as a sterile (lead)° drape, 

30 may be placed over the extension tubings and the portion 
of the catheter 403 outside of the patient's body to 
shield those in the room. from radiation exposure when 
the treatment elements 523 travel from the transfer 
device 401 to the portion of the catheter 403 inside the 

35 patient's body. With pure beta-emitting sources, a 
plastic drape may be used for shielding purposes. Then, 
either saline or gas is injected into the fluid 
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injection port 423 of the transfer device 401 to propel 
the radiation elements 523 to the distal end of the 
delivery catheter 403. Pluoroscopy and marker seeds are 
again used to ensure proper placement of the radiation 

5 elements 523. If the catheter 403 has a centering 
balloon but no separate inflation lumen for the balloon, 
the saline injected into the fluid injection port of the 
transfer device 401 will also inflate the balloon in 
addition to delivering the treatment elements 523. 

10 The radiation elements 523 are then maintained at 
the treatment site for a prescribed amount of time, 
preferably between 1-10 minutes. This treatment time is 
calculated prior to the radiation procedure and the 
radiation elements may be maintained at the treatment 

15 site by maintaining a sufficient fluid pressure in the 
delivery catheter, either manually or by the use of a 
fluid bag or locking syringe. 

If the catheter 403 includes a centering balloon 
with a separate lumen for inflation, then, once the 

20 prescribed dose has been delivered, the fluid control 
switch 421 is positioned in the "return" mode, a 
positive fluid pressure is applied, and the treatment 
elements 523 are returned to the transfer device, as 
verified by the operator seeing the marker seeds 528 

25 located within the quartz sleeve 463 or, alternatively, 
as verified by a fiber optic seed verification system 
529, as shown in Pig. 31. 

A negative fluid pressure is applied to the 
separate inflation lumen to def late the centering 

30 balloon. If the catheter 403 does not include a 
separate inflation lumen for the centering balloon, 
then, once return of all the radiation elements is 
confirmed, a negative pressure is applied to the fluid 
injection port 423 so that the balloon will deflate. 

35 After the return of all the radiation elements 523 
to the quartz sleeve 463 is confirmed, the fluid control 
switch 421 is set to the "off" position and the actuator 
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switch 465 is set to the spring-loaded "release• 
position. The transfer device 401 is then disconnected 
from the connector 469. The delivery catheter 403 is 
then withdrawn and post catheterization procedure 

5 practices and techniques, or other procedures (e.g. 
balloon or laser angioplasty, atherectomy, drug 
delivery, or stent or shunt placement) are performed. 

In addition to the vascular system, the distal end 
of the catheter may be introduced into any one of the 

10 intraluminal passageways within the human body to treat 
that passageway or its surrounding areas. The overall 
design and function of the apparatus of the present 
invention remains the same among its various uses within 
all of the human body's intraluminal passageways. 

15 However, the size of tbe apparatus or the materials from 
which it is made may be altered so that the 
maneuverability of the catheter in relation to the 
applicable lwnen may be optimized. Other than the 
placement of the distal end of the catheter, methods for 

20 treating a selected area of the body by delivering 
treating elements via a catheter to a desired location 
within an intraluminal passageway of the human body are 
identical to the method provided for treating a selected 
area of the vascular system. The catheter is 

25 preferably, but not necessarily, inserted over a guide 
wire and through a guiding catheter. 

In treating the biliary tract and its surrounding 
areas, the distal end of the catheter may be introduced 
percutaneously into one of the three main biliary ducts, 

30 which includes the common bile, common hepatic, and 
cystic ducts. The cystic duct and the common hepatic 
duct join to form the common· bile duct. Transjugular 
access to the common bile duct may be an alternative 
route. The distal end of the catheter enters a hepatic 

35 vein via the internal jugular vein in the neck and entry 
into the common bile duct is achieved through a 
percutaneous puncture across the wall of the hepatic 



W097/37715 PCTIUS97/05538 

74 

vein. AB a second alternate route, the common bile duct 
may be accessed through the papilla of Vater, an opening 
into the lumen of the duodenum. After the catheter is 
accessed within the biliary tract, it is positioned at 

5 the desired location with the biliary tract. 
surrounding areas that may be treated include the liver, 
pancreas, gall bladder, and duodenum. 

In treatinq the pancreas and the pancreatic ducts, 
the distal end of the catheter is positioned within one 

10 of the pancreatic ducts. The pancreatic ducts 
coanunicate with the duodenal papilla of the duodenum, 
thus, the catheter may be positioned within the 
pancreatic ducts through a.percutaneous transduodenal 
approach. 

15 The distal end of the catheter is inserted into the 
exterior opening of the urethra and guided to a desired 
location within the urinary ·tract to treat urinary 
structures, such as. the kidneys, renal pelvis, ureters, 
urinary bladder, and urethra. Surrounding areas of the 

20 urethra, such as the prostate, may also be treated by 
introducinq the catheter into the urinary tract via the 
urethra. Alternatively, the prostate may also be 
treated by a transperineal or transrectal insertion of 
the catheter. 

25 To treat areas of the female reproductive system, 
the distal end of the catheter is introduced 
tranavaginally into the female reproductive tract and 
positioned at a desired location. Although a 
transvaginal approach is the least invasive, the female 

30 reproductive tract may be accessible through a 
transperineal insertion of the catheter. Such areas of 
the vaqina, uterus, cervix, fallopian tubes, ovaries, 
and the endoaetrium aay be treated by delivering the 
treating elements via the catheter to a desired location 

35 within the female reproductive tract. 
In treating the esophagus, the distal end of the 

catheter is introduced into the mouth until it touches 
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the posterior wall of the pharynx. The patient is then 
asked to swallow and the catheter is moved gently onward 
into the esophageal lumen. The distal end of the 
catheter is then positioned at the desired location for 

5 treatment. 
In treating the trachea, bronchi, and lungs, the 

distal end of the catheter is introduced into the 
trachea via the nasal cavities. once in the trachea, 
the catheter is either positioned at a desired location 

10 within the trachea or is further advanced to a desired 
location within the bronchi of the lungs. 

Although the present invention has been described 
in terms of certain specific embodiments, it is 
understood that various changes and modifications may be 

15 made without departing from the present invention, and 
reference should be made to the appended claims to 
determine the proper scope of ·this invention. 
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CLAIMS 

What is claimed is1 
1. An apparatus for treating a treatment site in 

an intraluminal passageway·of a body, with the treatment 
elements being transported to and from the treatment 
site by a fluid, comprising: 

a catheter comprising an elongated tubular member 
having first, second and third lumens therein, a 
proximal end and a distal end1 

a transfer apparatus having a proximal end and a 
distal end, the distal end of the transfer apparatus 

10 coanunicating with said first and second lumens through 
the proximal end of said catheter, the transfer 
appar·atus further comprising 1 

an external housing having first and second fluid 
passageways theretbrough communicating with said first 

15 and second lumens, respectively, of said catheter; 
a fluid control switch to selectively permit or 

prevent fluid from entering said first and second fluid 
paaaagewayai and 

a gate mechanism to selectively permit or prevent 
20 passage of a treatment element to or from said catheter, 

said gate mechanism being operable only when said 
catheter is connected to said transfer apparatus. 

2. The combination of Claim 1 further comprising 
an interior housing for holdinq the treatment elements 
and havinq a passageway that com.prises a portion of said 
first fluid passageway, said interior housing further 
comprising a sleeve of a radiation-blockinq material for 
holding the treatment elements. 

3. The combination of Claim 2 in which said 
transfer apparatus includes at least one pair of fiber 

10 optic transmission and receiving elements for verifying 
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whether the treatment elements are located within said 
interior housing. 

4. The combination of Claim 2 wherein the sleeve 
is made of quartz. 

s. 'l'he combination of Claim 1 further comprising 
at least one balloon at the distal end of said catheter 
for centerinq said distal end of said catheter within 
the treatment site, said balloon being selectively 

s inflatable through one of said lumens. 

6. The combination of Claim 5 wherein the balloon 
bas an asymmetrical shape. 

7. The combination of Claim 5 wherein said balloon 
is in the form of a spiral. 

8. The combination of Claim 1 or s wherein said 
third lumen is a through lumen and the distal end of 
said through lumen includes perforations between the 
exterior of the catheter and said through lumen so as to 

s permit perfusion of bodily fluid through the catheter. 

9. The combination of Claim 1 wherein said 
catheter has a cloverleaf-shaped cross section. 

10. The combination of Claim 1 wherein said third 
lumen extends along said catheter for a predetermined 
length at the distal end of said catheter for receiving 
a quidewire. 

11. The combination of Claim 1 wherein the distal 
end of said catheter comprises a radiation-blocking 
coating, said coating being applied so as to selectively 
block or transmit radiation from the treatment elements 

s through the catheter to the treatment site. 
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12. The catheter of Claim 11 wherein said third 
lumen is adapted to receive a guidewire, the distal end 
of said catheter including perforations between the 
exterior of the catheter and said third lumen therein so 

5 as to permit perfusion of bodily fluid through the · 
catheter. 

13. The catheter of Claim 11 wherein the catheter 
has a cloverleaf-shaped cross section. 

14. The catheter of Claim 12 wherein said third 
lumen extends along said catheter for a predetermined 
length at the distal end of said catheter. 

15. A dosimetry device for arranqing a series of 
treatment elements in end-to-end relationship comprising 
a treatment element storage block having a plurality of 
channels for storage of said treatment elements, a 

s transfer sleeve operatively connected to said storage 
block, said transfer sleeve having a channel for receipt 
of said treatment elements, and means for selectively 
aligning the channels of said storage block with the 
channel of said transfer sleeve and for moving 

10 individual treatment elements from said storage block to 
said transfer sleeve. 
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16. An apparatus for administerinq radiation to a 
treatment site within the intraluminal passageways of a 
body with radiation treatment elements, the radiation 
treatment elements being transported to and fr~ the 

s treatment site by a fluid, the apparatus comprising: 
a catheter comprising an elongated tubular member 

including a proximal end and a distal end, first and 
second lumens having proximal and distal ends, the 
distal ends of said first and second l\imens being closed 

10 to the intraluminal passageway and in communication with 
each other, and a lumen for receiving a quidewire; 

a unitary transfer device connected to the proximal 
end of said catheter for transferring the radiation 
treatment elements to said first lumen of said catheter 

15 for delivery to and retrieval from the treatment site, 
includin91 

20 

25 

30 

35 

an external housing having a first passageway 
adapted to eommunicate with a fluid source at one 
end, a second passageway communicating with a 
reservoir tor receiving fluid, a third passageway 
communicating with said first catheter lumen, and a 
fourth passageway communicating with said second 
catheter lumen, 

a fluid control switch communicating with said 
first, second, third and fourth passageways and 
moveab1e among a first position in which said first 
passageway communicates with said third passageway 
and said second passageway communicates with said 
fourth passageway for directing fluid flow from 
said proximal end to said distal end of said first 
lumen and from said distal end to said proximal end 
of said second lumen to transport treatment 
elements from the transfer device to the distal end 
of said first catheter lumen, and a second position 
in which said first passageway communicates with 
said fourth passageway and said second passageway 
communicates with said third passageway for 
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directing fluid flow from the proximal to the 
distal end of said second lumen and from the distal 
to the proximal end of said first lumen for 
returning treatment elements from the first 
catheter lwaen to the transfer device; 

a separable interior housing for holding tbe 
radiation treatment elements, said separable 
housing including a passageway communicating with 
said third fluid passageway and said first catheter 
lumen, said separable housing comprising radiation 
blocking :material, 

a plurality of radiation treatment elements 
emitting radiation disposed within said interior 
housing; and 

a gate mechanism communicating with said third 
passageway between said separable interior housing 
and said first catheter lumen and movable between 
first position to permit passage of said radiation 
treatment elements between said interior housing 
and said first catheter lumen and a second position 
to block passage of said·radiation treatment 
elements between said interior housing and said 
first catheter lumen. 

17. The combination of Claim 16 further comprising 
a connector for attachinq said catheter to said transfer 
device, said transfer device further comprising a 
connector-receiving orifice, a latch member having a 

s detent arm and a connector engagement surface, said 
latch member being movable upon insertion of said 
connector into said connector-receiving orifice between 
a first position in which said detent arm prevents 
movement of said gate mechanism into its first position 

10 if said connector is not received in said orifice, and a 
second position in which said detent arm does not 
prevent such movement cf said gate mechanism when said 
connector is received in said orifice. 
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18. The combination of Claim 16 in which said 

1s transfer device includes at least one pair of fiber 

optic transmission and receiving element for verifying 

whether said treatment elements are located within said 

interior housing. 

19. The combination of Claim 16 wherein said 

interior housing comprises a sleeve portion made of 

quartz. 

20. The combination of Claim 16 wherein said 

catheter includes at least one balloon at its distal end 

for centering said distal end within the treatment site, 

said balloon being selectively inflatable through one of 

5 said first and second lumens. 

21. The combination of Claim 2 O further comprising 

a fourth lumen for inflation of said balloon. 

22. The combination of Claim 16 wherein said 

guidewire lumen extends along said catheter for a 
predetermined length at the distal end of said catheter. 

23. The combination of Claim 16 wherein the distal 

end of said catheter includes two spaced-apart 
radiopaque marker bands for aligning said distal end 

with said treatment site. 

24. The combination of Claim 19 wherein said 

external housing c011prises a transparent material that 

overlies said quartz sleeve so that said quartz sleeve 

can be seen through the external housing. 

25. The combination of Claim 23 wherein said 

quartz sleeve includes a white film on one side thereof 

for creating a contrasting background with respect to 

said treating elements. 



I /1111~ IU~ ·~u IWll n IHI . 
s * 

WO 97/37'715 PCT/lTS971115538 

82 

26. Tbe combination of Claim 23 where said 
transparent material comprises a magnifying piece. 

27. The combination of Claim 16 wherein the distal 
ends of said first and second catheter lumens are joined 

together by a reinforcing connector sized to block 
movement of said treating elements. 

28. The combination of Claim 16 wherein the distal 
end of said catheter comprises a tapered atraumatic tip. 

29. The combination of Claim 16 wherein said 
external housing comprises a shell that encases said 

paaaa9eways, fluid control switch, interior housing, and 
gate mechanism. 

30. The combination of Claim 16 wherein said gate 
mechanism is movably.attached to said external housing 
and includes a first hole to permit treating elements to 
pass therethrough which is aliCJDable with said third 

s passageway when said gate mechanism is in said first 
position, and a second hole sized to allow fluid to pass 
therethrough but to block treating elements which is 
alignable with said third passageway when said gate 
mechanism is in said second position. 

31. The combination of Claim 16 wherein said gate 
mechanism further comprises an elastoaeric member having 
a lumen sized so that said treating elements cannot pass 
therethrougb when undef oraed and a plunger having a 

5 hollow interior sized to permit treating elements to 
pass, said plunger being inserted through the lumen in 

said elastomeric member when said gate mechanism is in 
said first position, but is retracted from said 

elastomeric member when said gate mechanism is in said 

10 second position. 
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32. The combination of Claim 16 wherein said gate 
mechanism further comprises a pin having a diameter that 
is smaller than the diameter of the third passageway, 
said pin transecting said third passageway when said 

s shuttle gate mechanism is in said second position, said 
pin being retracted from said third passageway when said 
qate mechanism is in said first position. 

33. The combination of Claim 16 wherein said 
transfer device further cmnprises a collar for 
selectively connecting said catheter to said tranaf er 
devicef a release button for disconnecting said collar 

5 from said catheter~ and an actuator switch for moving 
said gate mechanism between said first and second 
positions, said actuator switch blocking access to said 
release button when said gate mechanism is in said first 
position .. 

34. The combination of Claim 16 wherein said 
transfer device further comprises a collar for 
selectively connecting said catheter to said transfer 
device; a release for disconnecting said collar from 

s said catbeterf and an actuator switch movable between 
first and second positions for moving said gate 
mechanism between said first and second positions, and 
movable to a third position for operating said release 
to disconnect said catheter. 

35. The combination of Claim 16 wherein said 
plurality of treating elements are arranged in a line 
having a proximal end and a distal end, with a 
radiopaque, non-radioactive marker seed placed in line 

5 with said treating elements at each end. 


