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[57) ABSTRACT

A method for preventing restenosis after angioplasty
comprises internally radiating the treated portion of the
lumen to prevent restenosis of the enlarged lumen por-
tion. A device useful for radiating the treated portion
comprises an elongated flexible catheter with radioac-
tive means located in a distal section of the carrier.
Stiffening elements are located along the length of the
catheter to enable the catheter to be pushed through the
tortuous segments of coronary or peripheral vascula-
ture without crimping.

i

41 Claims, 2 Drawing Sheets
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1
RADIOACTIVE CATHETER

BACKGROUND

This invention relates to a method for treating pa- 5
tients with obstructed arteries, and in particular, for
preventing a renarrowing after standard therapies, an
event which afflicts as many as 45,000 patients a year in
the United States.

In 1964, a breakthrough in treating arterial disease 10
occurred when a non-surgical technique to unblock
vascular lumens became available. Known as percutan-
eous transluminal angioplasty (PTA), angioplasty today
has become an accepted therapy for peripheral and
coronary vascular disease, not only in the U.S, but
internationally. The widespread use of PTA for the
management of vascular disease is due to, among other
factors, advances in percutaneous catheter technology
and a high level of acceptance by patients of non-opera-
tive procedures. 20

The development of the balloon catheter in 1974
significantly contributed to the efficacy of PTA. In
balloon angioplasty, a catheter equipped with a dilat-
able balloon is threaded intravascularly to the site of
" atherosclerotic narrowing of the vessel. Inflation of the 25
balloon with concomitant compression of atheroma
enlarges the atherosclerotic narrowing, and enlarges
the lumen by stretching the vessel wall.

Complications can result from transluminal angio-
plasty. One serious complication is that of restenosis 30
which frequently accompanies the various methods of
angioplasty for treating coronary and non-coronary
vasculature. Restenosis is the renarrowing of the vessel
after angioplasty, and often requires multiple angioplas-
tic procedures. 35

At present, there is no effective means for preventing
restenosis following angioplasty, atherectomy or the
newer modes of laser therapy for enlarging stenotic
vessels.

In the United States, it is estimated that of the 300,000 40
patients yearly who undergo procedures involving an-
gioplasty or atherectomy to remove stenotic lesions
from coronary arteries, from 15% to 30% of those pa-
tients exhibit restenosis. Several studies document a
restenosis rate of 25% to 35% within the first year fol- 45
lowing coronary angioplasty, with the vast majority of
patients requiring repeat procedures within 6 months.
Furthermore, the restenosis rate for angioplasty of the
smaller, peripheral arteries also occurs at a significant
rate. : 50

Thus, a drawback of angioplasty is the frequent com-
plication of restenosis, requiring a patient to undergo
one or more repeat angioplastic procedures, which are
costly and subject the patient to the risks associated
with any medical procedure. . 55

Another problem associated with angioplasty is
crimping and puckering of the thin-walled, small diame-
ter flexible catheters as they are pushed through twist-
ing and turning sections of the vascular system. Similar
to a thread being pushed through a tube, a thin-diame- 60
ter, flexible catheter frequently crimps or kinks as it is
being pushed through vascular lumen, delaying the
procedure. Despite advances in catheter technology,
the physician still faces the difficult and time-consuming
task of manipulating the catheter when such crimping 65
occurs.

Accordingly, there is a need for (a) a method to pre-
vent the necessity for repeated lumen-enlarging proce-

-—

5

2

dures following angioplasty, and (b) a catheter that will
not crimp or pucker when being pushed through twist-
ing and turning sections of the vasculature system.

SUMMARY

The present invention meets these needs by providing
a device or catheter that is suitable for treatment of a
portion of a lumen in mammals and that avoids the
crimping problem. A preferred version of the device is
particularly suitable for preventing restenosis after cor-
onary angioplasty. The invention also provides a -
method that inhibits restenosis after angioplasty.

The device comprises an elongated, flexible carrier
having a proximal section, a distal section, and an inter-
mediate section between the proximal and distal sec-
tions. At least two stiffening elements are immovably
located along the length of the carrier so that the proxi-
mal section of the carrier is the stiffest section of the
carrier and the distal section of the carrier is the most
flexible section of the carrier. This allows the distal
section to be advanced in transluminal movement to
navigate tortuous turns in the lumen by pushing on the
proximal section, without crimping the carrier. This
differential stiffening of the carrier is achieved through
the use of stiffening elements, rather than varying either
the size or material of the carrier. Thus, the carrier has
a substantially constant outer diameter, a substantially
constant inner diameter, and is composed of a material
whose composition does not vary along the length of
the carrier.

Typically the device has three stiffening elements.
The stiffest stiffening element is in the proximal section,
the most flexible stiffening element is in the distal sec-
tion, and a stiffening element having a stiffness interme-
diate that of the proximal and distal stiffening elements
is in an intermediate section of the carrier, the interme-
diate section being between the distal and proximal
sections.

The stiffening elements can be held immovably in the
carrier by frictional engagement: with the inner wall of
the carrier. This can be accomplished by having the
outer diameter of the stiffening elements about equal to
or slightly larger than the inner diameter of the carrier.

A differentially stiffened catheter has.many applica-
tions, including angioplasty. A preferred application of
the device is endoluminal radiation treatment of a por-
tion of a lumen to prevent stenosis and, in particular,
restenosis in a lumen after angioplasty. In this applica-
tion radioactive means are positioned in a radioactive
portion of the distal section of the carrier, where the
radioactive means are capable of providing in less than
30 minutes of exposure time sufficient radiation to the
lumen to prevent restenosis after angioplasty. Resteno-
sis can be avoided where the radioactive means pro-
vides about 3000 rads per hour along the length of the
radioactive segment as measured at 3 mm from the
longitudinal central axis of the carrier.

To prevent restenosis after angioplasty, the distal
section is required to be sufficiently flexible to navigate
the coronary artery of a human. For this reason, prefer-
ably the radioactive means comprises a plurality of
cylindrically-shaped, radioactive pellets longitudinally
spaced apart by spacers a sufficient distance to maintain
the necessary flexibility. The length of the radioactive
segment is about equal to the length of the lumen por-
tion to be treated. In order to maintain the needed flexi-
bility of the radioactive segment, the distal stiffening
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element terminates proximally to the position of the
radioactive pellets.

So that the device can be fit into a coronary artery,
preferably the carrier has an outer diameter of less than
about 1 mm.

The device is used to avoid stenosis or restenosis by
introducing the device so that the radioactive elements
are in a selected section of the lumen, and then irradiat-
ing the selected section of the lumen with the radioac-
tive elements for less than 30 minutes. After the lumen
has been sufficiently radiated, the device is withdrawn
from the lumen. This method is particularly suitable
when the selected portion of the lumen has been en-
Jarged with an endoluminal treatment device, such as
by balloon dilation, cutting away obstructive lumenal
lesions, or use of laser radiation. The device can be
inserted into the lumen using an introducing catheter
that has been properly positioned through use of a guide
wire.

Accordingly, restenosis that frequently occurs after
angioplasty can be avoided by irradiating the enlarged
section of the coronary artery in a procedure that can be
accomplished in less than 30 minutes. This is much
better than having a patient undergo the expensive and
time-consuming procedure of angioplasty with its atten-
dant health risks.

DRAWINGS

These and other features, aspects, and advantages of
the present invention will become better understood
with reference to the following description, appended
claims, and accompanying drawings where:

FIG. 1 is a top plan view of an irradiation device
embodying features of the present invention;

FIG. 2 is a longitudinal sectional view of the device
of FIG. 1 taken on line 2—2 in FIG. 1;

FIGS. 3-5 are transverse cross-sectional views of the
proximal, intermediate, and distal sections of the device
of FIG. 1 taken on lines 3—3, 4—4, and 5—5in FIG. 2,
respectively;

FIG. 6 is a transverse cross-section in a space be-
tween radioactive beads in the radioactive segment of
the distal section of the device of FIG. 1 taken on line
6—6 of FIG. 2;

FIG. 7 is a transverse cross-section of the radioactive
segment of FIG. 2 through a radioactive bead;

FIG. 8 is longitudinal sectional view of a segment of
a narrowed, stenotic vascular Jumen; and

FIG. 9 is a longitudinal sectional view of a portion of
vascular lJumen immediately following a lumen-enlarge-
ment technique showing the radioactive segment of the
distal section of the device in place proximate the en-
larged portion of lumen, and schematically illustrating
the deliverance of the device to the enlarged portion via
a guide wire and an introducing catheter.

DESCRIPTION

The present invention is directed to (a) a method for
preventing stenosis of a portion of a lumen in a human,
(b) 2 method for enlarging a portion of a mammalian
Jumen and preventing stenosis of the enlarged portion,
(c) an irradiating device for endoluminal radiation treat-
ment of a portion of lumen which does not crimp when
pushed through twisting and turning sections of the
lumen, and (d) a device suitable for treatment of a por-
tion of a lJumen in mammals.

The method and device can be employed to prevent
the recurrence of stenosis following enlargement of the
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lumen by a lumen-enlargement technique, e.g. angio-
plasty, in the peripheral vasculature and the coronary
vasculature. By carrying and delivering radioactivity to
the portion of enlarged endoluminal wall soon after the
enlargement procedure, excessive growth of scar tissue
from the endoluminal wall is inhibited. Therefore, risk
that a patient will need to undergo repeated angioplastic
interventions is reduced. .

Because of the stiffening elements employed in the
device, the device is capable of eliminating time-con-
suming manipulations required when crimping occurs
in conventional devices pushed through tortuous seg-
ments of vasculature. The stiffening elements of the
present invention differentially stiffen the length of the
device, allowing it to be inserted and pushed through
tortuous segments of vasculature without crimping.

With reference to the figures, an irradiating device 10
having features of the present invention comprises an
elongated flexible, hollow catheter or carrier 12 (also
referred to below as tube 12, radioactive means 14, and
stiffening elements, namely a proximal stiffening ele-
ment 15A, an intermediate 15B, and a distal stiffening
element 15C.

The proximal section 18 extends from the proximal
end 16 of the tube 12 to the end of the proximal stiffen-
ing element 15A. The proximal section 18 contains the
proximal stiffening element 15A. The intermediate sec-
tions 22 extends from the distal end of the proximal
section to the end of the intermediate stiffening element
15B. The intermediate section 22 is located between the
proximal section 12 and the distal section 20. The distal
section 20 of the tube 12 extends from the distal end of
the intermediate section 20 to the distal end 28 and
includes a closed distal end 28. A radioactive segment
30 is located in the distal section 20. Within the radioac-
tive segment 30 are located the radioactive means 14.
The carrier 12 has a substantially constant outer diame-
ter and is comprised of a homogenous material.

The carrier can be a plastic, such as a fluoropolymer
or can be a metal, such as stainless spring steel. A pre-
ferred material for the tube is a radiation resistant fluo-
ropolymer, such as Tefzel T™M fluoropolymer.

The outer diameter of the carrier 12 is sufficiently
small that it can be inserted within a lumen 34. Prefera-
bly the outer diameter is less than about 1 mm for inser-
tion into a human vascular lumen within the heart. The
length of the tube 12 varies depending on the portion of
lumen 34 selected for treatment. The carrier 12 typi-
cally has a length of from about 90 cm to about 150 em.
In transverse cross-section, the axial passage 36 of the
tube 12 can be circular. The wall thickness of the tube is
substantially constant along the length of the tube 12.

The stiffening elements 15 are located within the tube
12, extending from the proximal end one after the other,
i.e. serially, along the axial passage 36 of the tube 12. By
matching the outer diameters of the stiffening elements
15 to the inner diameters of the tube 12, the stiffening
elements 15 are immovably placed within the tube 12 by
means of frictional engagement between the outer cir-
cumferential surface 45 of the stiffening element 15 and
the inner wall surface 46 of the tube 12.

The stiffening elements 15 can be made of metal or
plastic fluoropolymers. The stiffening elements 15 are
selected so that the proximal section 18 of the tube 12 is
the stiffest section of the tube 12. A preferred material
for the stiffening element 15A in the proximal section 18
is a seamless, stainless steel tubing, with an outer diame-
ter of 0.55 mm and inner diameter of 0.010 inches. The
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intermediate stiffening element 15B is selected so that it
is intermediate in stiffness between the proximal 15A
and distal 15C stiffening elements. A preferred material
for the intermediate stiffening element 15B is regular
Teflon T™ tubing grade TFE-tetrafluoroethylene. The
distal stiffening element 15C is the most flexible stiffen-
ing element:. In a preferred arrangement, the distal
stiffening element 15C is a section of tube made of the
same material as the flexible, elongated tube 26. Ac-
cordingly, a preferred material for the distal stiffening
element 15C is Tefzel TM grade ETFE-ethylene tetra-
fluoroethylene.

The distal stiffening element 15C extends only par-
tially from the distal end 54 of the intermediate stiffen-
ing element 15B to the radioactive segment 30 in the
distal section 20, terminating proximally to the radioac-
tive segment 30. '

The radioactive means 14 can be any nuclide. A pre-
ferred material is iridium 192. The radioactive means
can be any shape and can be placed onto or into a car-
rier 12, or manufactured into the material of the carrier
12. A preferred radioactive means is a plurality of cylin-
drical, radioactive pellets 14 having a sufficiently small
diameter to fit within the tube. The pellets 14 can be
held in place by short spacers 64 between successive
pellets. The spacers 64 can be cylindrically shaped with
diameters equal to the inner diameter of the tube 12.
Thus, the spacer lengths 64 frictionally engage the inner
wall surface 46 of the tube 12. Spacer length can be the
same plastic material as the tube. The radioactive means
14 can thus be spaced apart from each other and ar-
ranged longitudinally. The spacing is sufficiently far
apart that the radioactive segment 30 of the tube 12 is
sufficiently flexible that the distal section 20 can navi-
gate tortuous, twisting sections of lumen by pushing on
the proximal section 18 without crimping the tube 12. A
typical space 68 between radioactive beads 63 is 1 mm.

While a preferred configuration of the radioactive

means is spaced-apart, cylindrically-shaped pellets, any
solid shape of the radioactive means which would main-
tain the necessary flexibility of the distal section would
be of satisfactory utility. The radioactive means can also
include liquids, gases, or powders by themselves or in
any combination with each other or in combination
with a solid radioactive means. As a liquid, gas, or pow-
der, the radioactive means can be either fixed in place in
the distal section before the distal section is placed in a
Jumen; or once the distal section is in place in a lumen,
the radioactive means can be injected into the distal
section. :
. It is believed that in order to prevent restenosis, it is
necessary to deliver to the tissue from about 25 to about
2500 rads per centimeter length of lumen treated, and
preferably from about 100 to about 1000, and most
preferably about 250 per centimeter length of lumen
treated. It is desired that this be accomplished in less
than 30 minutes to minimize the amount of time the
patient is subject to the procedure. Preferably, the pro-
cedure takes less than about 25 minutes. More prefera-
bly less than about 15 minutes, but typically it requires
at least about 10 minutes.

To deliver this amount of radiation in this time, it is
necessary that the total radiation provided by the radia-
tion means be from about 100 to about 10,000, prefera-
bly from about 500 to about 5,000, and typically about
3000 rads per hour along the length of the radio-active
segment as measured at 3 mm from the longitudinal
central axis of the carrier 12. This result can be effected
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by providing sufficient radioactive pellets 114 that the
radioactive means 14 provides from 0.01 to about
100,000 millicuries, and preferably from about 50 to 500,
and typically about 100 millicuries per centimeter
length of radioactive segment. o

The device 10 is easily used to prevent restenosis of a
segment of a lumen 34 in a human. After a selected
portion 71 of the lumen 34 is enlarged with an en-
doluminal treatment device, the enlarged portion 71 is
irradiated with the radioactive means 14. The lumen 34
can be enlarged by dilating the lumen 34 by inflating a
balloon inside the lumen 34, by cutting away obstruc-
tive luminal lesions 70, or by irradiating a narrowed
section 72 of the lumen 34 with laser radiation.

The device 10 is inserted into the selected portion 71
of the lumen 34 so that the radioactive means 14 is
proximate to the enlarged portion 74 of the lumen 34,
and left in the lumen 34 for a sufficiently long time that
a sufficient amount of radioactivity is delivered to the
enlarged portion 74 to prevent stenosis.

The above method is typically used in combination
with devices that facilitate placement of a coronary
balloon dilation catheter during angioplasty. These
facilitating device can be a guide wire 76 and an intro-
ducing catheter 78. Before the radioactive device 10 is
placed in a lumen 34, a guide wire 76 can first be in-

. serted into a length of vasculature. An introducing cath-
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eter 78 is then inserted into the guide wire 76. The
selected radioactive device 10 is then inserted into the
probing catheter 78 so that the distal section 20 of the
device 10 extends beyond the end of the probing cathe-
ter 78 such that the radioactive segment 30 is placed
proximate to the selected portion 71 of enlarged lumen
3.

The method for preventing restenosis has applica-
tions other than preventing restenosis after an angio-
plastic procedure. For example, the material and device
10 can be used to prevent restenosis after traumatic
injury to a lumen, or after other repair procedure on a
lumen where scar formation ensures.

The method and device of the present invention are
advantageous because they overcome the problem of
restenosis associated with conventional angioplasty and
other methods of moving atherosclerotic plaques from
arterial walls. By reducing the incidence of restenosis,
the necessity for a patient to undergo another angioplas-
tic procedure is eliminated, with considerable savings to
the patient of money and risk. The differential stiffening
aspect of the device that prevents crimping is advanta-
geous because it simplifies the task of threading an ex-
tremely flexible carrier through tortuous, twisting sec-
tions of lumens, thus saving time and shortening the
length of the procedure.

EXAMPLES

In this example, a device according to the present
invention was constructed and tested for reliability and
safety of delivering the device to targeted portions of
coronary vasculature in dogs.

In each of 12 dogs, the device (as described below)
was delivered to three portions of coronary vascula-
ture: (1) a control portion, which was neither injured by
balloon angioplasty nor irradiated endoluminally; (2) an
experimental portion, which was irradiated by the de-
vice; and (3) an experimental portion which was treated
by balloon angioplasty and irradiated endoluminally by
means of the device.
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The device, either with or without radioactive
means, was left in place for 30 minutes to 45 minutes.
With radioactive means in place, 500 rads of radiation
were delivered to the selected portion of vascular lu-
men. Within three days, the coronary portions were
examined microscopically.

The results indicate that the device did not interrupt
blood flow or cause functional abnormalities.. Acute
problems were not demonstrable in the control portions
nor in the experimental portions beyond the effects of
the balloon angioplasty itself. Placement of the device
and delivery of radiation under this protocol did not
appear to cause short-term, acute injury in the selected
portions of coronary vasculature.

In this example, the device was constructed for en-
doluminal radiation treatment of a portion of canine
coronary vasculature. The device comprised a hollow
elongated tube made of lightweight wall radiation-
resistant Tefzel T™M tubing (grade ETFE-ethylene tetra-
fluoroethylene).

The outer diameter of the tube was 0.88 mm and the
inner diameter was 0.55 mm. The distal end of the de-
vice was closed. Six radioactive peliets were serially
arranged over a 2 cm length—the radioactive segmen-
t—near the distal end. The most distal pellet was placed
in contact with the closed distal end. The outer diame-
ter of the radioactive pellets was 0.50 mm. Each pellet
was 3 mm in length. The pellets were held in place and
spaced apart by placement of 1 mm spacer lengths of
Tefzel T™M tubing having an outer diameter of 0.55 mm,
equal to the inner diameter of the hollow, elongated
tube. The outer wall of the 1 mm spacer lengths of
Tefzel TM were in frictional contact with the inner wall
of the elongated Tefzel tubing of the device. Each pellet
provided 34 millicuries, for a total radioactivity of 204
millicuries. The pellets were made of radioactive irid-
ium 192.

Three stiffening elements were placed in the hollow,
elongated Tefzel T™ tubing to provide differential stiff-
ness that would permit the distal section of the device to
navigate luminal tortuosities without the device crimp-
ing. Each stiffening element had an outer diameter of
0.55 mm, which placed it in frictional engagement with
the inner wall of the hollow, elongated Tefzel TM tub-
ing. The proximal stiffening element was about 45 cm
long and was made of flexible, seamless, stainless steel
tubing, 25 gauge fullhard. The intermediate stiffening
element was a 78 cm-length of regular Teflon T™ rod
tubing, grade TFE, less stiff than the stainless steel
tubing. The most distal stiffening element was a 10 cm-
length of Tefzel TM tubing, which terminated 2 mm
before the position of the radioactive peliets. A 1 mm
length of 0.55 mm outer diameter Tefzel TM was placed
between the termination of the distal stiffening element
and the first radioactive pellet. .

Although the present invention has been described in
considerable detail with regard to certain preferred
versions, other versions are possible. For example, non-
radioactive as well as radioactive versions can be con-
structed. Instead of radioactive means placed in a distal
section, a lumen enlarging mechanism can be located in
the distal section 20. The lumen enlarging mechanism
can be an angioplasty balloon, an atherectomy device,
an endovascular stent, or a source of laser radiation. Use
can be made of differential stiffening in the proximal 18,
intermediate 22 and distal 20 sections.

Only two stiffening elements or more than three stiff-
ening elements can be used. The number of stiffening
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elements and the relative lengths required of each for a
particular application can depend on the lumen selected
for treatment and its location in the body. Elongated
stiffening elements can be employed with variable in-
stead of constant stiffness along their lengths. The stiff-
ening elements can be immovably fitted within the tube
by means other than friction fitting. For example, the
stiffening elements can be glued in. Furthermore, it
should be understood that stiffening elements can be
arrangéd in parallel or in partial parallel, i.e., overlap-
ping arrangements.

Although the present invention has been described in
considerable detail with reference to certain preferred
versions thereof, other versions are possible. For exam-
ple, the stiffening feature need not be limited to a cathe-
ter having radioactive elements. For example, the cath-
eter may have an endovascular stent coaxially mounted
on the distal section. Another alternative is a catheter
with stiffening elements, including a radioactive distal
section with an angioplasty balloon such that angio-
plasty and radiation treatment can be accomplished at
the same time. Similarly, the radiation treatment to
avoid stenosis is not limited to applications immediately
after angioplasty. Further, the method and device can
be employed for preventing restenosis in other lumens
beside the vasculature. The method and device have
utility in the restoration and maintenance of patency to
previously narrowed or otherwise defective or im-
paired lumens or other body channels. Such body chan-
nels may include the esophagus, bile ducts, urethra,
trachea, and the like.

Other specific uses for the methods and devices em-
bodying features of the present invention include the
repair or correction of intraluminal lining of AAA or
iliac or femoral aneurysms; recanalization of injured
vessels caused by blunt or penetrating trauma; recanali-
zation of esophageal stenoses secondary to carcinoma
or benign structures; dilation and recanalization of co-
arctation of aorta; dilation and recanalization of biliary
stenoses secondary to strictures, tumors and cancer of
pancreas and common bile duct; and ureteral strictures
and tracheal strictures.

It should be understood that the above list is not
intended to be exclusive and that any body vessel which
has been narrowed, weakened, or in another way re-
quires a repair or reinforcement may be subject to the
present invention. Also, as used herein, the term lumen
is used in generic sense to include body channels includ-
ing, but not limited to, artery, esophagus, bile duct,
urethra, trachea, and the like and the term body in-
cludes not only human but animals as well.

However, in view of the high dosages of radiation
provided by the device 10, it is clearly not suitable for
long term implantation in a human as is typically done
with cancer treatment.

Accordingly, the spirit and scope of the appended
claims should not be limited to the description of the
preferred versions contained herein.

What is claimed is:

1. A device suitable for endoluminal radiation treat-
ment of a portion of a coronary artery in humans, the
device comprising:

(a) an elongated, flexible carrier having a proximal

section and a distal section; and

(b) radioactive means positioned in a radioactive

segment of the distal section of the carrier, the
radioactive means providing radiation in an
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amount from 0.01 to 100,000 millicuries per centi-
meter length of the radioactive portion,

wherein the carrier is sized and has sufficient stiffiess
and flexibility to navigate a human coronary artery
so that the radioactive segment can be placed in a
selected portion of a human coronary artery, the
radioactive means when so placed providing suffi-
cient radiation in less than 30 minutes to prevent
restenosis in the selected portion after angioplasty.

2. The device of claim 1 wherein the radioactive
means provides from about 50 to about 500 millicuries
per centimeter length of the radioactive portion.

3. The device of claim 1 wherein the radioactive
means provides from about 100 to about 10,000 rads per
hour measured at 3 millimeters from the longitudinal
central axis of the carrier.

4. The device of claim 3 wherein the radioactive
means provides from about 500 to about 5000 rads per
hour measured at 3 millimeter from the longitudinal
central axis of the carrier.

5. The device suitable for treatment of a portion of a
lumen in mammals, the device comprising:

(2) an clongated, flexible carrier having a proximal
section, an intermediate section, and a distal sec-
tion; and .

(b) at least three separate stiffening elements immov-
ably located along the length of the carrier so that
the proximal section of the carrier is the stiffest
section of the carrier and the distal section of the
carrier is the most flexible section of the carrier so
that the intermediate section of the carrier has a
stiffness intermediate the stiffness of the proximal
section and the stiffness of the distal section, so that
the distal section can be advanced in transluminal
movement to navigate tortuous turns in the lumen
by pushing on the proximal section without crimp-
ing the carrier; and

{(c) radioactive means positioned in a radioactive seg-
ment of the distal section of the carrier, the radio-
active means providing radiation in an amount
from 0.01 to 100,000 millicuries per centimeter
length of the radioactive segment,

wherein the carrier is sized and has sufficient stiffness
and flexibility to navigate a human coronary artery
so that the radioactive portion can be placed in a
selected portion of a human coronary artery, the
radioactive means when so placed providing suffi-
cient radiation in less than 30 minutes to prevent
restenosis in the selected portion after angioplasty.

6. The device of claim 1 or § wherein the radioactive
means provides from about 100 to about 1000 rads per
hour along the length of the radioactive segment mea-
sured at 3 mm from the longitudinal axis of the carrier.

7. The device of claim 5§ wherein the carrier has a
substantially constant outer diameter, a substantially
constant inner diameter, and is composed of a material
whose composition does not vary along the length of
the carrier.

8. The device of claim 1 or § wherein the length of
the radioactive segment is about equal to the length of
the portion of the coronary artery to be treated.

9. The device of claim 5 including an introducing
catheter through which the carrier is pushed, the inner
diameter of the introducing catheter being larger than
the outer diameter of the carrier and the length of the
carrier being greater than the length of the introducing
catheter.
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10. The device of claim 5 wherein the radioactive
means comprises a plurality of radioactive beads in the
radioactive segment of the carrier, the beads being suffi-
ciently spaced apart from each other that the radioac-
tive segment is sufficiently flexible to navigate tortuous
turns in the lumen by pushing on the proximal section
without crimping of the carrier, the stiffening element
in the distal section of the carrier not extending into the
radioactive segment.

11. A device suitable for endoluminal radiation treat-
ment of a portion of lumen in a mammal, the device .
comprising:

" (a) a hollow, elongated flexible tube having an axial
passage, the tube having a proximal section, a distal
section, and an intermediate section between the
proximal and distal sections, the distal section in-
cluding a distal end, the tube having a substantially
constant outer diameter, a substantially constant
inner diameter, and being composed of a material
whose composition does not vary along the length
of the carrier;

(b) radioactive means positioned in a radioactive
segment of the distal section of the tube proximate
to the distal end, the radioactive means providing
sufficient radiation, in an amount from 0.01 to
100,000 millicuries per centimeter length of the
radioactive segment, that when the radioactive
portion is placed in the portion of the lumen for an
exposure time less than 30 minutes, restenosis in the
portion of the lumen is prevents; and

(c) at least three separate stiffening elements immov-
ably and serially located within the tube and ex-
tending longitudinally along the axial passage of
the tube for differentially stiffening the proximal,
intermediate, and distal sections of the tube, the
stiffening elements being selected so that the proxi-
mal section of the tube is the stiffest section of the
tube, the distal section of the tube is the most flexi-
ble section of the tube, and the intermediate section
of the tube has a stiffness intermediate the stiffness
of the proximal section and the stiffness of the distal
section so that the distal section can be advanced in
transluminal movement to navigate tortuous turns
in the lumen by pushing on the proximal section
without crimping the tube.

12. The device of claim 11 wherein the stiffening
element in the distal section is a hollow tube stiffener
element formed of the same material as the hollow tube.

13. The device of claim 11 wherein the axial passage
of the tube is circular in cross-section and the stiffening
elements are circular in transverse cross section and
have a sufficiently large outer diameter that they are in
frictional engagement with the inner wall of the tube.

14. The device of claim 11 wherein each stiffening
element has substantially the same flexibility along its
length.

15. The device of claim 11 wherein the radioactive
means comprises a plurality of radioactive beads in the
radioactive segment of the tube, the beads being suffi-
ciently spaced apart from each other that the radioac-
tive segment is sufficiently flexible to navigate tortuous
turns in the lumen by pushing on the proximal section
without crimping of the tube, the stiffening element in
the distal section of the tube not extending into the
radioactive segment.

16. The device of claim 7, 11, or 13 wherein each
stiffening element has a substantially constant wall
thickness.
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17. A device for endoluminal radiation treatment.of a
portion of a lumen in human beings, the device compris-
ing:

(a) a hollow elongated flexible tube of outer diameter
of less than about 1 mm, the tube having a proximal
section, a distal section and an intermediate section
between the proximal and distal sections, the distal
section including a distal end;

(b) a plurality of radioactive beads positioned in a
radioactive segment within the distal section of the
tube proximate to the distal end of the tube, the
radioactive beads providing sufficient radiation in
an amount from 0.01 to 100,000 millicuries per
centimeter length of the radioactive segment, that
when the radioactive segment is placed in a se-
lected portion of a human lumen for less than 30
minutes, restenosis in the selected portion of lumen
is prevented;

(c) at least three separate stiffening elements immov-
ably and serially located within the tube and ex-
tending longitudinally along the axial passage of
the tube for differentially stiffening sections of the
tube, the stiffening elements comprising a proximal
stiffening element in a proximal section of the tube,
a distal stiffening element in a distal section of the
tube, and an intermediate stiffening element in an
intermediate section of the tube between the distal
and proximal sections, wherein the proxinal stiff-
ening element is the stiffest stiffening element, the
distal stiffening element is the least stiff stiffening
element, and the intermediate stiffening element
has a stiffness intermediate the stiffness of the prox-
imal and dista] stiffening elements;

(d) means for maintaining radioactive beads spaced
apart from each other so that the radioactive seg-
ment of the tube is flexible; and

wherein the distal stiffening element is sufficiently
flexible and the beads are sufficiently spaced apart
from each other that the distal section can be ad-
vanced in transluminal movement to navigate tor-
tuous turns in the lumen by pushing on the proxi-
mal section without crimping the tube and that the
radioactive segment of the tube can navigate tortu-
ous turns in the lumen.

18. The device of claim 11 or 17 wherein the length of
the tube is at least about 90 cm, and wherein the length
of the proximal stiffening element is from about 30 cm
to about 60 cm, the length of the intermediate stiffening
element is from about 65 cm to about 90 cm, and the
length of the distal stiffening element is from about 5 cm
to about 15 cm.

19. The device of claim 11 or 17 wherein the radioac-
tive beads are spaced part by about 1 mm.

20. The device of claim 17 wherein the total activity
of the radioactive beads is about 50 to about 500 millicu-
ries per centimeter of length of the radioactive segment.

21. The device of claim 17 wherein the length of the
radioactive segment is about 2 centimeters.

22. The device of claim 11 or 17 wherein the length of
the distal stiffening element in the distal section of the
tube terminates proximally to the position of the radio-
active beads.

23. The device of claim 11 or 17 wherein the distal
section is sufficiently flexible that the radioactive seg-
ment can enter the human coronary artery.

24. A method for preventing stenosis of a selected
portion of a lJumen in a mammal comprising the steps of:
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(a) introducing a flexible, elongated carrier having a
radioactive segment carrying radioactive elements
into the lumen so that the radioactive elements are
in the selected section of the lumen;

(b) irradiating the selected section of lumen with the
radioactive elements for no more than about 45
minutes, the amount of radiation delivered to the
selected section of lumen being at least about 25
rads per cm length of the selected section of the
lumen; and

(c) withdrawing the carrier. :

25. The method of claim 24 wherein at least about 100
rads per cm length of the selected section of the lumen
are delivered.

26. The method of claim 24 or 25 wherein the step of
irradiating comprises delivering up to about 1000 rads
per centimeter length of the radioactive segment.

27. The method of claim 24 wherein the amount of
radiation delivered is up to about 2500 rads per centime-
ter length of the selected section of the lumen.

28. The method of claim 24 wherein the step of irradi-
ating comprises irradiating the selected section for no
more than 30 minutes.

29. A method for enlarging the luminal cross-section
of a selected portion of a mammalian lumen and pre-
venting stenosis of the enlarged portion, the method
comprising the steps of:

(a) enlarging the selected portion of the lumen with
an endoluminal treatment apparatus having an
outer diameter sufficiently small that the apparatus
fits in the lumen;

(b) inserting a device having a radioactive segment
comprising radioactive means into the enlarged
portion of the lumen so that the radioactive means
is proximate to the enlarged portion of the lumen;

(c) leaving the device in the lumen with the radioac-
tive means proximate to the enlarged portion of the
lumen for internally radiating the enlarged portion
of the lumen with sufficient radioactivity in an
amount from about 25 to about 2500 rads per centi-
meter length of the radioactive segment to prevent
stenosis of the enlarged lumen portion; and

(d) thereafter withdrawing the device from the lu-
men.

30. The method of claim 29 wherein the step of leav-
ing the device in the lumen comprises radiation the
enlarged portion for less than about 30 minutes.

31. The method of claim 31 wherein the lumen com-
prises a section of the vasculature of a human.

32. The method of claim 29 wherein the section of
vasculature is a coronary artery.

33. The method of claim 29 wherein the step of en-
larging the selected portion of the lumen comprises
dilating the lumen using a balloon inside the lumen.

34. The method of claim 29 wherein the device com-
prises:

an elongated, flexible carrier having a proximal sec-
tion and a distal section; and

wherein the radioactive means is positioned in a radi-
oactive segment of the distal section of the carrier,
the radioactive means providing from about 0.01 to
100,000 millicuries per centimeter length of the
radioactive segments.

35. The method of claim 29 wherein the-device pro-
vides from about 100 to about 1000 rads per hour per
centimeter length of radioactive segment measured at 3
mm from the outer circumferential surface of the de-
vice.
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36. The method of claim 29 wherein the device com-

prises:

(a) an elongated, flexible carrier having a proximal
section, a distal section and an intermediate section
between the proximal and distal sections;

and wherein the radioactive means is positioned in a
radioactive segment of the distal section of the
carrier; and

(b) at least three separate stiffening elements immov-
ably located along the length of the carrier for
differentially stiffening the proximal, intermediate,
and distal sections of the carrier, the stiffening
elements being selected so that the proximal sec-
tion of the carrier is the stiffest section of the car-
rier, the distal section of the carrier is the most
flexible section of the carrier, and the intermediate
section of the carrier has a stiffness intermediate the
stiffness of the proximal section and the stiffness of 5,
the distal section so that the distal section can be
advanced in transluminal movement to navigate
tortuous turns in the lumen by pushing on the prox-
imal section without crimping the carrier.
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37. The method of claim 29 wherein the step of insert-
ing the device in the lumen comprises the steps of:

(a) inserting a guide wire into the lumen;

(b) inserting a probing catheter into the guide wire;
and :

(c) inserting the device into the introducing catheter
so that the distal section of the device extends be-
yond the distal end of the introducing catheter such
that the radioactive segment is placed proximate to
the enlarged portion of the lumen.

38. The method of claim 29 wherein the step of insert- . -

ing the device into the lumen is accomplished from
about 1 minute to about 10 minutes after the step of
enlarging the selected portion of the lumen.

39. The method of claim 29 wherein the step of leav-
ing the device in the lumen comprises leaving the de-
vice in the lumen a sufficient time to deliver from about
100 to about 1000 rads per centimeter length of the
enlarged lumen.

40. The device of claim 1 or § wherein the carrier has
an outer diameter of less than about 1 mm.

41. The device of claim 40 wherein the length of the

carrier is at least about 90 cm.
i * % % % %
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[571 ABSTRACT

A method for preventing restenosis after angioplasty com-
prises internally radiating the treated portion of the lumen to
prevent restenosis of the enlarged lumen portion. A device
useful for radiating the treated portion comprises an elon-
gated flexible catheter with radioactive means located in a
distal section of the carrier. Stiffening elements are located
along the length of the catheter to enable the catheter to be
pushed through the tortuous segments of coronary or periph-
eral vasculature without crimping.
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REEXAMINATION CERTIFICATE
ISSUED UNDER 35 US.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

ONLY THOSE PARAGRAPHS OF THE
SPECIFICATION AFFECTED BY AMENDMENT
ARE PRINTED HEREIN.

Column 5, Lines 51-61:

It is believed that in order to prevent restenosis, it is
necessary to deliver to the tissue from about 25 to about
2500 rads [per centimeter length] alorg the length of lumen
treated, and preferably from about 100 to about 1000, and
most preferably about 250 [per centimeter length] along the
length of lumen treated. It is desired that this be accom-
plished in less than 30 minutes to minimize the amount of
time the patient is subject to the procedure. Preferably. the
procedure takes less than about 25 minutes. More preferably
less than about 15 minutes, but typically it requires at least
about 10 minutes.

Column 5, line 62 to Column 6 line 5:

To delivery this amount of radiation in this time, it is
necessary that the total radiation provided by the radiation
means be from about 100 to about 10,000, preferably from
about 500 to about 5,000, and typically about 3000 rads per
hour along the length of the [radio-active] radioactive
segment as measured at 3 mm from the longitudinal central
axis of the carrier 12. This result can be effected by provid-
ing sufficient radioactive pellets 114 that the radioactive
means 14 provides from 0.01 to about 100,000 millicuries,
and preferably from about 50 to 500, and typically about 100
miilicuries per centimeter length of radioactive segment.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 1-6, 11, 14. 15, 17, 19, 20, 22-25, 27, 29-32, 34,
35, and 39 are determined to be patentable as amended.

Claims 7-10. 12. 13. 16, 18, 21, 26, 28, 33, 36, 37. 38. 40
and 41. dependent on an amended claim. are determined to
be patentable.

New claims 42-65 are added and determined to be
patentable.

1. A device suitable for endoluminal radiation treatment
of a portion of a coronary artery in humans after
angioplasty, the device comprising:

(a) an elongated, flexible carrier having a proximal section

and a distal section; and

(b) radioactive means positioned in a radioactive segment

of the distal section of the carrier, the radioactive means
providing radiation in an amount selected within a
range from 0.01 to 100.000 millicuries per centimeter
length of the radioactive [portion] segment, wherein the
carrier is sized and has sufficient stiffness and flexibility
to navigate a vascular system to the human coronary
artery so that the radioactive segment can be placed in
a selected portion of [a] the human coronary artery,
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[the] and wherein the device has sufficient radioactive
means [when] that when the radioactive segment is so
placed [providing] the radioactive means provides
sufficient radiation in less than 30 minutes to prevent
restenosis in the selected portion of the coronary artery
after subjection thereof to angioplasty.

2. The device of claim 1 wherein the radioactive means
provides radiation of a selected amount in a range from
about 50 to about 500 millicuries per centimeter length of
the radioactive [portion] segment.

3. The device of claim 1 wherein the radioactive means
provides radiation of a selected amount within a rate range
from about 100 to about 10.000 rads per hour measured at
a distance of 3 millimeters from the longitudinal central axis
of the carrier.

4. The device of claim 3 wherein the radioactive means
provides radiation of a selected amount within a rate range
from about 500 to about 5000 rads per hour measured at a
distance of 3 [millimeter] millimeters from the longitudinal
central axis of the carrier.

5. [The] A device [suitable] for treatment of a portion of
a lumen of a coronary artery in mammals after angioplasty.
the device comprising:

(a) an elongated, flexible carrier having a proximal
section, an intermediate section. and a distal section;
and

(b) at least three separate stiffening elements immovably
located along the length of the carrier [s0] such that the
proximal section of the carrier is the stiffest section of
the carrier, and the distal section of the carrier is the
most flexible section of the carrier [so that], and the
intermediate section of the carrier has a stiffness inter-
mediate the stiffness of the proximal section and the
stiffness of the distal section, [so] such that the distal
section can be advanced in transluminal movement to
navigate tortuous turns in the lumen by pushing on the
proximal section without crimping the carrier; and

(c) radioactive means positioned in a radioactive segment
of the distal section of the carrier, the radioactive means
providing radiation in an amount selected within a
range from 0.01 to 100,000 millicuries per centimeter
length of the radioactive segment,

wherein the carrier is sized and has sufficient stiffness and
flexibility to navigate a human coronary artery so that
the radioactive Jportion] segment can be placed in a
selected portion of a human coronary artery, the radio-
active means when so placed providing sufficient radia-
tion in less than 30 minutes to prevent restenosis in the
selected portion of the coronary artery after angio-
plasty.

6. The device of claim 1 or 5 wherein the radioactive
means provides radiation in an amount within a rate range
from about 100 to about 1000 rads per hour along the length
of the radioactive segment measured at @ distance of 3 mm
from the longitudinal axis of the carrier.

11. A device suitable for endoluminal radiation treatment
of a portion of [lumen] ar artery in a mammal which has
been subjected to angioplasty, the device comprising:

(a) a hollow. elongated flexible tube having an axial
passage, the tube having a proximal section. a distal
section, and an intermediate section between the proxi-
mal and distal sections, the distal section including a
distal end, the tube having a substantially constant
outer diameter, a substantially constant inner diameter,
and being composed of a material whose composition
does not vary along the length of the [carrier] tube;



B1 5.199.939

3

(b) radioactive means positioned in a radioactive segment
of the distal section of the tube proximate to the distal
end. the radioactive means providing sufficient
radiation. in an amount selected within a range from
0.01 to 100,000 millicuries per centimeter length of the
radioactive segment, [that] to prevent restenosis in said
portion of the artery when the radioactive [portion]
segment is placed in [the] said portion of the [lumen]
artery post-angioplasty for an exposure time less than
30 minutes[. restenosis in the portion of the lumen is
prevents]; and

(c) at least three separate stiffening elements immovably
and serially located within the tube and extending
longitudinally along the axial passage of the tube for
differentially stiffening the proximal, intermediate, and
distal sections of the tube, the stiffening elements being
selected so that the proximal section of the tube is the
stiffest section of the tube. the distal section of the tube
is the most flexible section of the tube, and the inter-
mediate section of the tube has a stiffness intermediate
the stiffness of the proximal section and the stiffness of
the distal section so that the distal section can be
advanced in transluminal movement to navigate tortu-
ous turns in the [lumen] artery by pushing on the
proximal section without crimping the tube.

14. The device of claim 11 wherein each stiffening
element has substantially the same flexibility along its
individual length.

15. The device of claim 11 wherein the radioactive means
comprises a plurality of radioactive beads in the radioactive
segment of the tube. the beads being sufficiently spaced
apart from each other that the radioactive segment is suffi-
ciently flexible to navigate tortuous turns in the flumen
artery by pushing on the proximal section without crimping
of the tube, the stiffening element in the distal section of the
tube not extending into the radioactive segment.

17. A device for endoluminal radiation treatment of a
selected portion of [a] an artery lumen in human beings after
angioplasty in said portion, the device comprising:

(a) a hollow elongated flexible tube of outer diameter of
less than about 1 mm. the tube having a proximal
section. a distal section and an intermediate section
between the proximal and distal sections, the distal
section including a distal end;

(b) a plurality of radioactive beads positioned in a radio-
active segment within the distal section of the tube
proximate to the distal end of the tube, the radioactive
beads providing sufficient radiation in an amount
selected within a range from 0.01 to 100.000 millicu-
ries per centimeter length of the radioactive segment,
such that when the radioactive segment is placed in [a]
the selected portion of a human artery lumen for less
than 30 minutes, restenosis in the selected portion of
lumen is prevented;

(c) at Jeast three separate stiffening elements immovably
and serially located within the tube and extending
longitudinally along the axial passage of the tube for
differentially stiffening sections of the tube, the stiff-
ening elements comprising a proximal stiffening ele-
ment in a proximal section of the tube. a distal stiff-
ening element in a distal section of the tube. and an
intermediate stiffening element in an intermediate sec-
tion of the tube between the distal and proximal
sections, wherein the proximal stiffening element is the
stiffest stiffening element. the distal stiffening element
is the least stiff stiffening element, and the intermediate
stiffening element has a stiffness intermediate the stiff-
ness of the proximal and distal stiffening elements;
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(d) means for maintaining the radioactive beads spaced
apart from each other so that the radioactive segment of
the tube is flexible; and

wherein the distal stiffening element is sufficiently flex-
ible and the beads are sufficiently spaced apart from
each other that the distal section with the radioactive
segment therein can be advanced in transluminal move-
ment to navigate tortuous turns in the artery lumen by
pushing on the proximal section without crimping the
tube [and that the radioactive segment of the tube can
navigate tortuous turns in the lumen].

19. The device of claim [11] 15 or 17 wherein the

radioactive beads are spaced [part] apart by about 1 mm.

20. The device of claim 17 wherein the total activity of the
radioactive beads is an amount selected within a range from
about 50 to about 500 millicuries per centimeter of length of
the radioactive segment.

22. The device of claim [11] 15 or 17 wherein the length
of the distal stiffening element in the distal section of the
tube terminates proximatly to the position of the radioactive
beads.

23. The device of claim 11 or 17 wherein the distal section
is sufficiently flexible and of sufficiently small diameter that
the radioactive segment can enter [the]  human coronary
artery.

24. A method for preventing fstenosis] restenosis of a
selected [portion] section of [a lumen] an artery in a
[mammal] Auman, comprising the steps of:

(a) subjecting the selected section to angioplasty for

luminal enlargement thereof;

[(a)] (p) introducing a flexible, elongated carrier having a
radioactive segment carrying radioactive elements
through the human vascular system and into the
[lumen] selected section of the artery so that the
radioactive elements are in the selected section of the
[lumen} artery;

[(b)] (c) irradiating the selected section of [lumen] artery
with the radioactive elements for no more than about 45
minutes, the amount of readiation delivered to the
selected section of [lumen] arrery being a sufficient
amount, and at least about 25 rads per cm length of the
selected section of the [lumen] artery, to prevent rest-
enosis; and

[(c)] (@ after irradiating, withdrawing the carrier from
the artery.

25. The method of claim 24 wherein at least about 100
rads per cm length of the sclected section of the flumen]
artery are delivered.

27. The method of claim 24 wherein the amount of
radjation delivered is up to about 2500 rads per centimeter
length of the selected section of the [lumen] artery.

29. A method for enlarging the luminal cross-section of a
selected portion of a mammalian vascular lumen and pre-
venting [stenosis] restenosis of a enlarged portion, the
method comprising the steps of:

(a) enlarging the selected portion of the lumen with an
endoluminal treatment apparatus having an outer diam-
eter sufficiently small that the apparatus fits in the
lumen;

(b) inserting a device having a radioactive segment com-
prising radioactive means into the enlarged portion of
the lumen so that the radioactive means is proximate to
the enlarged portion of the lumen;

(c) leaving the device in the lumen with the radioactive
means proximate to the enlarged portion of the lumen
for internally [radiating] irradiating the enlarged por-
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tion of the lumen with sufficient radioactivity in an
amount selected within a range from about 25 to about
2500 rads per centimeter length of the radioactive
segment to prevent [stenosis] restenosis of the enlarged
lumen portion; and

(d) thereafter withdrawing the device from the lumen.

30. The method of claim 29 wherein the step of leaving
the device in the lumen comprises [radiation] irradiating the
enlarged portion for less than about 30 minutes.

31. The method of claim [31} 30 wherein the lumen
comprises a section of the vasculature of a human.

32. The method of claim 29 wherein the [section of the
vasculature] selected portion of vascular lumen is in a
coronary artery.

34. The method of claim 29 wherein the device com-
prises:

an elongated, flexible carrier having a proximal section

and a distal section, the distal section comprising the
radioactive segment, and

wherein the radioactive means is positioned in [a] the
radioactive segment of the distal section of the carrier,
the radioactive means providing a selected amount of
radiation within a range from about 0.01 to 100,000
millicuries per centimeter length of the radioactive
[segments] segment.

35. The method of claim 29 wherein the device provides
a selected amount of radiation in a rate range from about
100 to about 1000 rads per hour per centimeter length of
radioactive segment measured at 3 mm from the outer
circumferential surface of the device.

39. The method of claim 29 wherein the step of leaving
the device in the lumen comprises leaving the device in the
lumen a sufficient time to deliver a selected amount of
radiation within a range from about 100 to 1000 rads per
centimeter length of the enlarged lumen.

42. A device suitable for endoluminal radiation treatment
of a portion of a coronary artery in humans after
angioplasty, the device comprising:

(a) an elongated, flexible tubular carrier having a proxi-

mal section and a distal section; and

(b) radioactive means positioned in a radioactive segment

of the distal section of the carrier, the radioactive
means providing radiation in an amount selected
within a range from 0.01 to 100,000 mullicuries per
centimeter length of the radioactive segment, wherein
the carrier is sized and has sufficient stiffness and
flexibility to navigate a vascular system to the human
coronary artery so that the radioactive segment can be
placed in a selected portion of the coronary artery, and
wherein the device has sufficient radioactive means that
when the radioactive segment is so placed the radio-
active means provides sufficient radiation in less than
30 minutes to prevent restenosis in the selected portion
of the coronary artery after subjection thereof to angio-
plasty.

43. The device of claim 42 wherein the radioactive means
provides an amount of radiation selected in a range from
about 50 to about 500 millicuries per centimeter length of
the radioactive segment.

44. The device of claim 42 wherein the radioactive means
provides a selected amount of radiation in a rate range from
about 100 to about 10,000 rads per hour measured at a
distance of 3 millimeters from the longitudinal central axis
of the carrier.

45. The device of claim 42 wherein the radioactive means
provides a selected amount of radiation in a rate range from
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about 500 to about 5000 rads per hour measured at a
distance of 3 millimeters from the longitudinal central axis
of the carrier.

46. A device for the endoluminal radiation treatment of a
portion of a coronary artery after angioplasty in humans,
the device comprising:

(a) an clongated, flexible carrier having a proximal

section and a distal section; and

(b) radioactive means positioned in a radioactive segment

of the distal section of the carrier, the radioactive
means providing radiation in an amount selected
within a range from 0.01 to 100,000 millicuries per
centimeter length of the radioactive segment, wherein
the carrier is sized and has sufficient proximal section
stiffness and less distal section stiffness relative to the
proximal section stiffness to navigate a vascular system
to the human coronary artery so that the radioactive
segment can be placed in a selected portion of the
human coronary artery, and wherein the device has
sufficient radioactive means that when the radioactive
segment is so placed the radioactive means provides
sufficient radiation in less than 30 minutes to prevent
restenosis in the selected portion of the coronary artery
after subjection thereof to angioplasty.

47. The device of claim 1, 5, 11, or 46, wherein the
radioactive means comprises a plurality of radioactive
pellets in said segment of the carrier.

48. The device of claim 1, 5, 11, or 46, wherein the
radioactive means comprises radioactive solid material in
said segment of the carrier.

49. The device of claim 1, 5, 11, or 46, wherein the
radioactive means comprises a radioactive liquid in said
segment of the carrier.

50. The device of claim I, 5, 11, or 46, wherein the
radioactive means comprises a radioactive gas in said
segment of the carrier.

51. The device of claim 1, 5, 11, or 46, wherein the
radioactive means comprises a radioactive powder in said
segment of the carrier.

52. A device suitable for endoluminal radiation treatment
of a portion of a coronary artery angioplasty in humans, the
device comprising:

(a) an elongated, flexible catheter having a proximal

section and a distal section; and

(b) radioactive pellets positioned in a radioactive segment

of the distal section of the catheter,
the radioactive pellets providing radiation in an amount
selected within a range from 0.01 to 100,000 millicu-
ries per centimeter length of the radioactive segment,

wherein the catheter is sized and has sufficient stiffness
and flexibility to navigate the vascular system to a
human coronary artery so that the radioactive segment
can be placed in a selected portion of the human
coronary artery,

the radioactive pellets when so placed providing sufficient

radiation in less than 30 minutes to prevent restenosis
in the selected portion of the coronary artery after
subjection thereof to angioplasty.

53. A device suitable for endoluminal radiation treatment
of a portion of a coronary artery after angioplasty in
humans, the device comprising:

(a) an elongated, flexible carrier having a proximal

section and a distal section; and

(b) radioactive means positioned in a radioactive segment

of the distal section of the carrier,

the radioactive means providing radiation in an amount

selected within a range from 0.01 to 100,000 millicu-
ries per centimeter length of the radiocactive segment,
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wherein the carrier is sized and has sufficient stiffuess and
fexibility, and wherein the distal section has greater
flexibility than the proximal section and the proximal
section has greater stiffness than the distal section so
that the carrier can navigate the vascular system to a
human coronary artery so that the radioactive segment
can be placed in a selected portion of the human
coronary artery,

the radiocactive means when so placed providing sufficient
radiation in less than 30 minutes to prevent restenosis
in the selected portion of the coronary artery after
subjection thereof to angioplasty.
54. A method for preventing restenosis of a selected
section of a coronary artery lumen in a human, comprising
the steps of:

(a) enlarging the selected section of coronary artery
lumen;

(b) soon after enlarging the lumen, introducing a flexible,
elongated carrier having a distal segment carrying and
delivering radioactive elements, through the human
vascular system and into the enlarged section of lumen
of the coronary artery, for placing the radioactive
elements in the coronary artery proximate to the
enlarged section of lumen thereof so that the radioac-
tive elements will deliver radioactivity to endoluminal
wall of the enlarged section;

(c)irradiating the enlarged section endoluminal wall with
the radioactive elements for no more than about 45
minutes, to deliver a sufficient amount of radioactivity
to the enlarged section endoluminal wall, amounting to
at least about 25 rads per centimeter length of the
enlarged section of the coronary artery, to prevent
restenosis along the enlarged section endoluminal
wall; and

(d) after delivering radioactivity of sufficient amount,
withdrawing the carrier from the coronary artery.

55. The method of claim 54 wherein the step of introduc-
ing the carrier is performed within about 10 minutes after
enlarging the selected section of the coronary artery lumen.

56. A method for preventing restenosis of a selected
section of an artery in a human, comprising the steps of:

(a) introducing a flexible, elongated carrier having a
radioactive segment carrying radioactive elements
through the human vascular system and into the
selected section of the artery so that the radioactive
elements are in the selected section of the artery;

(b) irradiating the selected section of artery with the
radioactive elements for no more than about 45
minutes, the amount of radiation delivered to the
selected section of artery being a sufficient amount, and
at least about 25 rads per cm length of the selected
section of the artery, to prevent restenosis; and

(c) after irradiating, withdrawing the carrier from the
artery.
57. A method for preventing stenosis of a selected section
of an artery in a human, comprising the steps of:

199.939
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(a) introducing a flexible elongated carrier having a
radioactive segment carrying radioactive elements
through the human vascular system and into the
selected section of the artery so that the radicactive

5 elements are in the selected section of the artery;

(b) irradiating the selected section of artery with the
radioactive elements for no more than about 45
minutes, the amount of radiation delivered to the
selected section of artery being a sufficient amount, and
at least about 25 rads per cm length of the selected
section of the artery, to prevent stenosis; and
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(¢) after irradiating, withdrawing the carrier from the
artery.

58. A method for enlarging the luminal cross-section of a
selected portion of a mammalian vascular lumen and pre-
venting stenosis of the enlarged portion, the method com-
prising the steps of:

(a) enlarging the selected portion of the lumen with an
endoluminal treatment apparatus having an outer
diameter sufficiently small that the apparatus fits in the
lumen;

20

(b) inserting a device having a radioactive segment
comprising radioactive means into the enlarged por-
tion of the lumen so that the radioactive means is
proximate to the enlarged portion of the lumen;

25

(¢) leaving the device in the lumen with the radioactive
means proximate to the enlarged portion of the lumen
for internally irradiating the enlarged portion of the
lumen with sufficient radioactivity in an amount
selected within a range from about 25 to about 2500
rads per centimeter length of the radioactive segment
to prevent stenosis of the enlarged lumen portion; and

(d) thereafter withdrawing the device from the lumen.

59. The method of claims 24, 56 or 57, wherein the
radioactive elements include radioactive pellets.

60. The method of claims 29 or 58, wherein the radioac-
tive means include radioactive pellets.

61. The method of claims 24, 56, or 57, wherein the
radioactive elements are selected from the group of radio-
active elements consisting of radioactive solids, radioactive
pellets, radioactive beads, radioactive liquids, radiocactive
gases, and radioactive powders.

62. The method of claims 29 or 58, wherein the radioac-
tive means is selected from the group of radioactive means
consisting of radioactive solids, radioactive pellets, radio-
active beads, radioactive liquids, radioactive gases, and
radioactive powders.

63. The device of claims 1, 5, 42, 46, or 53, wherein the
carrier is formed from a metal.

64. The device of claims 11 or 17, wherein the tube is
formed from a metal.

64. The device of claim 52, wherein the catheter is formed
from a metal.
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