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(57) Abréegée/Abstract:

An Inflatable medical device for the delivery of medications to an organ In the body including a catheter having a plurality of lumens
(13, 22, 28) disposed therein. The distal end of the catheter Is adapted to be disposed within a bodily organ. A hollow, inflatable,
medication-deliverable balloon (16) Is disposed on the distal end of the catheter and the interior of the balloon (16) Is In fluid flow
relationship with one of the lumens (22) to enable the balloon (16) to be Inflated. An array of conduits (40) Is disposed within the
walls of the balloon for the delivery of medications to predetermined locations within said bodily organ. Another lumen (28) In the
catheter shaft (14) Is provided to deliver medications to the conduits (40) in the wall of the balloon (16). An egress (17) for the
medications Is provided so that they may be dispensed at the site being treated.
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the delivery of medications to predetermined locations within said bodily organ. An-

other lumen (28) in the catheter shaft (14) is provided to deliver medications to
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an organ in the body including a catheter having a plurality

the conduits (40) in the wall of the balloon (16).
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MEDICATION DISPENSING BALLOON CATHETER

Background of the Invention
The present invention relates to a balloon that can
dispense medications in a predetermined location within a

‘bodily organ and especially relates to a balloon catheter
‘which can simultaneously provide forcible expansion of the

cross section of a coronary artery that has been narrowed
by atherosclerotic lesion or stenosis and also dispense a
medication to the site that has been forcibly expanded.

In particular, the medication dispensing balloon of the
present invention is'disposed at the distal end of a
cathéter shaft haVing a plurality of lumens therein. The
balloon not only forcibly expands the cross section of the

coronary artery but also can simultaneously deliver a

dosage of medication.at the site of the expansion thereby

. to avoid injecting large quantities of the medications

intravenously when only a small site needs to be treated.

' Moreover, the present invention relates to a inflatable
‘medical device in which the wall of the balloon serves

both.as the containment mechanism for the inflation fluid

and ‘also as the,dispensing vehicle for medications.

Descrlptlon of the Prior Art

Balloon catheters for expandlng atherosclerotic lesions

‘or stenosises are well known in the art. Such devices

include an inflatable ballobn'disposed at the end of a
multi-lumen catheter shaft in which a pressurizing fluid
is forced into the balloon to expand it and the expansion
of the balloon engages the surface of the artery to

enlarge its cross section. Such balloons, however, have

not provided a means to dispense medications at the site
of the lesion or stenosis but rather have relied upon

"either injecting massive doses of drugs intravenously or

}U\if withdrawal of the'ballOon catheter and reinsertion of

'“f f7-another catheter 1nto the . patlent's arterlal system to

| admln;ster the medlcatlon
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The United States pateﬁt 5,049,132 to Shaffer et al
describes a doubled walled balloon catheter in which one
balloon is inflated to enlarge the artery and a circumfer-
entially disposed second balloon is filled with a medica-
5 tion. The inside balloon is aperture-free and 1s mounted
on a catheter shaft and receives inflation media from an
inflation lumen in the catheter shaft. A second lumen 1is
spaced from the first lumen and is carriled by the catheter
shaft also. A second balloon as mounted on the catheter
10 shaft in communication with the second lumen and a large
number of tiny apertures are formed in it. Upon applica-
tion of significantpressure, the medications will flow
through the apertures thereby providing for the adminis-
~ tration of controlled guantities of medication. As is
15 apparent, thé construction of double walled balloons and
mounting them on a catheter shaft is difficult and time
consuming. Other examples of double walled balloon
catheters for the administration of medications are dis-
closed in the United States patent to Shockey et al,
20 4,994,033 which also provides an outermost sleeve with a
' pattern of holes that are precisely controlled in their
sizes. _ '
'_' In the United States patent to Buras, 4,693,243, a
flexible non-collapsible conduit system is disclosed that
25 is separably positioned about a cuffed endotracheal tube
tballOw'fordirecttopical application of medicinal sub-
'StanceS‘to tissues of the larynx which may be irritated by
.'the,endotracheal'tube. An external injection port and
tubing connect to the internal passage of the endotracheal
30 shaft to enable the topical application of the medications
while the shaft is in place within the larynx or trachea.

, Summary of the Invention
According to the present invention I have discovered an
35 inflatable medical device for delivery of medications to
an organ in the body in which a multi-luminal catheter
shaft is disposed'within a bodily organ, usual one of the
arteries. An inflatable balloon is disposed at the end of

the catheter shaft. The balloon is hollow and is medica-
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tion~deliverable by means of an array of conduits disposed
within the wall of the balloon. A medication-deliverable
lumen within the catheter shaft is connected to the array
of conduits by means of a manifold thereby to enable the
balloon to dispense medications directly on the site of
the stenosis or lesion through apertures in the walls of
the conduit or at the distal ends of the condults. The
conduits preferably are radlally arranged within the wall
of the balloon and are individually segregated so they are
not in fluid flow relationship with each other. With
this radial arrangement and uniformly sized apertures, the
medications can be dispensed evenly upon the diseased site
belng treated.

Quite importantly, the balloon of the present invention
enables the physician to control the rate of release of

medications as desired, independently of the inflation

pressure of the balloon If the inflation media for the

- balloon is the medlcatlon to be dlspensed and if a single

balloon is used, the release rate of the medlcatlon is
thus dependent upon,the_lnflatlon pressure of the balloon.

Lower pressures result in incomplete dilation and too high

- a pressure results in excessive drug release and even dis-

section of the organ in which 1t is dlsposed due to the
productlon of "water jets". With the balloon of the pre-
sent invention, there is only a minimal increase in the
profile of the balloon resulting from the presence of the
conduits.' Since multiple channels exist in the balloon,
it 1is poSSible to.deliVer more than one kind of'drug with-
out prior mixingand.eVen simultaneous administration of
the medications. 'Also, since the balloons have a plural-
ity bf.conduits,lsome of the conduits can be used as heat-

ers with the use electric wires or some can provide heated

- fluids. The use of a multiply conduited balloon 1is highly

adVantageOus in that the walls of the balloon are inte-
grally constructed with the condults and thus there are no

sealing.surfaces'to break nor welds to fail. The dispens-

ing of medication is limited to predetermined locations

thereby reduc1ng the amount of medication necessary and

'therefore reducing side effects through: the use of large
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amounts of drugs.

In the manufacture of the balloon, a hollow tube of two
or more dissimilar plastios material is co-extruded using
conventional extrusion techniques. A discrete phase, that
is the phase which serves as the precursor of the conduits
and which dictates their location and shape, is formed of
high density-polyethylene, Nylon, low density polyethylene
or polyethylene copolymers. A continuouS‘phase, that is
the phase that will form the balloon with the discrete
phase dlsposed thereln, can be formed of polyethylene ter-
apthalate or hlgh density polyethylene High density
pOlyethYlene, low'density'polyethylene and polyethylene
copolymers can be extruded within polyethylene teraptha-
late and Nylon can be extruded within high density poly-
ethylene. After the phases are co-extruded, the discrete
~phase is withdrawn from the continuous phase to leave the
condults 1n51de the continuous phase. Co-extrusion of two
plastlcs materlals 1 well known and conventional teChnl*.‘
ques are used for such processes The essentlal criteria
for matchlng of the two plastlos materials is that they

S -not adhere to each other after extrusion and that the dis-

25

30

crete phase can be w1thdrawn from the contlnuous phase and

leave conduits in the contlnuous phase
While co-extru51on 1s preferred to form the balloons,

tlt 1s also p0551ble to extrude tubes with the conduits
.already in them usmng known extrusion dies. Because the
\precursors to the condults are so narrow, normally between‘
about 0.025 and 1. 75 mm " within a tube having a wall
 ‘th1ckness between about 0.1 and 2.5 mm. and outside dlame-_
ter between about 0.25 and 6.25 mm., I have found that

extquion with-preformeduconduits is.not always satisfac-

'tory‘and‘that coﬁextrusion 1s best.

Following theextrusion of the condulted tube and the

'“"withdraWal of the discrete phase, the medication dispens-

35

lng balloon of the present,invention can be formed by

heatlng the tube to a predetermlned temperature in a pre-

1determ1ned locatlon (Wthh determlnes the length of the

'f.pﬁp;balloon) while applylng pressure to the 1nterlor of the

. tube' The tube will 1nflate to form the balloon Wlth the :.
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conduits formed within the walls of the balloon. After the

balloon has been formed it can be attached to a multi-

luminal catheter shaft and then folded for use.

The invention may be summarized according to one
aspect as an inflatable medical device for the delivery of
medications to an organ in the body, said device comprising:
a catheter having a plurality of lumens disposed therein,
sald catheter having a distal end adapted to be disposed
within a bodily organ; a hollow, inflatable, medication-
deliverable balloon defined by walls and having a distal and
a proximal end, the proximal end of the balloon being
disposed on the distal end of said catheter, the interior of
sald balloon being in fluid flow relationship with one of
said lumens whereby to provide the interior of said balloon
with inflation fluids; at least one conduit for the delivery
of medications to predetermined locations within said bodily
organ, sald conduit being disposed within the walls of said
balloon; means for delivering medications from another of
salid lumens in said catheter to said conduit; means for

dispensing medications from said conduit to said

predetermined locations.

According to another aspect the invention provides

an inflatable medical device for intravascular delivery of

medications, said device comprising: an inflatable balloon

defined by walls and adapted to receive inflation fluids: an
array of conduits disposed within the walls of said balloon,
salid conduits extending substantially the entire length of

sald balloon, said conduits being adapted to deliver

medications to predetermined locations within a bodily
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organ; means to inflate said balloon and means to deliver
medications to sald condults; means to dispense medications

from said conduits to said bodily organ.

According to yet another aspect the invention
provides a method of making a medication dispensing balloon
for a catheter, said method comprising: co-extruding two
dissimilar plastic materials, the first of the extrusions
forming a tube having a wall disposed about an axis and the
other of said plastics being disposed within the wall of
sald tube, said other plastic being arranged as an array of
circumferentially disposed strands, said array being aligned
parallel with said axis, said strands being individually
enclosed within said tube; and withdrawing said strands from
said tube whereby to form a plurality of conduits within

sald tube.

The many other objects, features and advantages of
the present invention will become apparent from the

following description.
Brief Description of the Drawings

Figure 1 1s a side elevational view of a conduited
medical balloon according to the present invention. In this
view the balloon is inflated and a portion of the balloon is

cut away to show the interior of the balloon.

Figures 1A and 1B are cross-sectional views taken
along the lines 1A-1A and 1B-1B respectively showing the

lumens of the catheter shaft and the attachment between the

catheter shaft and the balloon.

Figures 2A to 2H are cross-sectional views taken

along the lines 2-2 of Figure 1 and show various embodiments
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of the conduiting within the wall of the balloon. Figures
2B, 2D, 2F and 2H are exploded fragmentary views of the

embodiments shown in figures 2A, 2C, 2E and 2G respectively.

Figure 3B 1s a side elevational view of another
embodiment of the present invention for delivering
medications to predetermined locations. Figure 3A is an end
elevational view, partially 1n cross section, taken along

the lines of 3A-3A of Figure 3B.
Description of the Specific Embodiments

Referring to the drawings, a balloon-type catheter
1s shown. The balloon-type catheter of the present
1nvention is similar to other catheters used for treating
coronary artery digease except as otherwise shown and
described. As 1s conventional, the catheter is attached to
an array of hubs (not shown) being typically made of rigid
materials. These hubs are utilized for the introduction of
inflation fluids, medications and the disposition of a guide
wire as will be described hereinafter. The hubs are

attached to the proximal end of a multi-luminal tubing 14,
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as 1is conventional.

-y =

A medical balloon 16 is positioned at the distal end of
the catheter shaft 14. Medical balloon 16 1s made of the

materials described herein and 1s heat sealed or adhe-

sively attached (as is conventional) at its respective
ends 16a and 16b to catheter shaft 14. A collar 27a 1is
fitted around the distal end 16b of the balloon 16 and
affixed thereto to hold the balloon 16 in place on the
shaft 14. An inflation port 20 is formed in an inflation
lumen 22 (shown in Figures 2A-2H). The port 20 provides
communication between the'interior of the balloon 16 and
the inflation lumen 22. Lumen 22 also communicates with

'any,desired source. of compressed inflation fluid at the

hub mentioned above as is conventional for balloon cathet-

ers.

A,medication,lumen-28'is provided within catheter shaft
14. Lumen 28 extends completely through the catheter and
cemmunicates with a medication injection port 29 at the
proximal end of the Catheter shaft 14. Aperture 29 1s
disposed within a manifold 27 (that is attached to both

'~ the balloon 16 and the shaft 14) and is in fluid flow com-
munication with medication dispensing conduits 40 disposed
within the balloon as will be described hereinafter.

A third lumen13'extends completely through the
catheter'shaft'14.se that a conventional guidewire 15 with
a:conVentional.eXplofatbry tip 15a may be inserted in bal-
loon‘13toassist'in catheter insertion in a conventional
manner. - ' ' '

. As mentioned'previously'lumen 28 is in fluid flow com-
munication with an opening 29 that is disposed within man-
ifold 27. Manifold.27 is in fluid flow communication with
an array of conduits 40 disposed within the wall of bal-
loon 16. 1In the preferred embodiments these condults are

‘radially arranged within the perimeter of wall 16, as best

shown in Figures 2A-2H.
In the embodiment~shOWn in Figure 1, each of the con-
duits 40 is provided with an aperture 17 for the introduc-

tion of medication'into¢thebodily'organ that has been

catheterized.: Whiie'the Figure shows a helical array
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of apertures 17, any configuration that enables the

introduction of medications can be used. The apertures 17

are easily formed in the conduits 40 by inflating both the
balloon 16 and the conduits 40 with air and then pricking

each conduit wall lightly with a pin until it is deflated

or the conduits 40 can be pierced with laser irradiation.
The apertures 17 preferably have openings of predetermined

sizes in the range of 0.0025 to 2.5 mm. depending upon

the viscosity of the medication being dispensed and the

desired flow rate. on the other hand elongated slits on

the outside of the conduit can be used also, 1if required.
The preferrad shape'Of the apertures 1s round, but oval,
square and rectangular shapes have applicability. ‘
Variously shaped conduits 40 can be made, as depicted
in Figures 2A to 2H. 1In Figures 2A and 2B a balloon 16 1s

'shown having a uniform wall thickness with generally rec-
 tangular conduits 40 formed therein. The conduits 40 will

contain the medication to be dispensed in the bodily organ
being treated. The wall thickness of the balloon 16 can
be between about 0.005 and 0.25 mm. with the conduits 40

each having a widthand height between about 0.075 and

6.25 mm. The wall thickness'between the conduits 40 and
the wall thickness between the conduit 40 and the exterior
of the balloon 16 can be between about 0.0025 and 0.125

mm.

in the embodlment shown in Figure 2C, the condult 40,
as depicted, is merely a slit before being inflated with a

medication. When the conduit 40 is filled with medication

it can.be‘enlarged:significantly from inflation. The con-
duits can be Spaced'from each other by ribs 16d and the
wall thicknesses_Can be similar. '

In Figures 2E.and 2F another embodiment is shown 1n
which the conduit5'40fhaVe a generally ovoid shape with
the ribs 16d having a:lesser width than the width of the
condults 40. In FigUres 2G and 2H the condults 40 again

have a ovoid shape with the internal wall of the balloon

16 haV1ng a generally cylindrical shape and the exterior

wall being formed with the ribs 1l6d spacing them apart

In each of the embodiments shown in Flgures 2A to 2H,
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the catheter shaft 14 extends entirely through the length of
the balloon 16. The lumen 13 has the guidewire 15 and lumen
28 1s used for the introduction of medications. An opening
20 1s formed in lumen 22 to introduce expansion fluids into
the balloon 20 to enable the balloon to be inflated at the

site of the surgical treatment.

In Figure 3A a balloon similar to that of Figure 1
1s shown. The medication, however, rather than be
introduced through apertures 17 disposed within the balloon
16 are i1ntroduced through directly from the ends of the
conduits 40. The distal end of the balloon 16 is attached
to the catheter shaft 14 and the ends 40a of the conduits 40
empty directly from them. A ring 41 can be fitted around
and attached to the distal end of the balloon 16 to aid in

the construction.

It 1s apparent that modifications and changes can
be made within the spirit and scope of the present invention
but 1t 1s my intention, however, only to be limited by the

scope of the appended claims.
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CLAIMS:
1. An inflatable medical device for the delivery of

medications to an organ in the body, said device comprising:

a catheter having a plurality of lumens disposed
therein, said catheter having a distal end adapted to be

disposed within a bodily organ;

a hollow, inflatable, medication-deliverable
balloon defined by walls and having a distal and a proximal
end, the proximal end of the balloon being disposed on the
distal end of said catheter, the interior of said balloon
being in fluid flow relationship with one of said lumens
whereby to provide the interior of said balloon with

inflation fluids;

at least one conduit for the delivery of
medications to predetermined locations within said bodily
organ, sald condult being disposed within the walls of said

balloon;

means for delivering medications from another of

salid lumens in said catheter to said conduit;

means for dispensing medications from said conduit

to said predetermined locations.

2. The device according to claim 1 wherein there is
an array of radial arranged conduits disposed within said

balloon, said conduits being spaced from each other within
the walls of said balloon and individually segregated from

each other so as not to be in fluid flow relationship with

each other.
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3. The medical device according to claim 2 wherein
salid condults are uniformly arrayed and spaced from each

other around said balloon.

4 . The medical device according to claim 2 wherein
sald condults are imperforate over their lengths and
terminate in dispensing means disposed at the distal end of
sald balloon whereby to provide egress for medications from

sald conduilts.

5. The medical device according to claim 2 wherein
sald balloon and said condults are of a unitary
construction, said conduilts being co-extruded in said

balloon.

6 . The medical device according to claim 1 wherein
the dispensing means 1s disposed on the outer surfaces of

gsald conduits.

7 . The medical device according to claim 6 wherein
salid dispensing means includes perforations on said

conduits.

8 . An inflatable medical device for intravascular

delivery of medications, said device comprising:

an inflatable balloon defined by walls and adapted

to receive inflation fluids;

an array of conduits disposed within the walls of
said balloon, said conduits extending substantially the
entire length of said balloon, said conduits being adapted

to deliver medications to predetermined locations within a

bodily organ;
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means to inflate said balloon and means to deliver

medications to said conduilts;

means to dispense medications from said conduits

to said bodily organ.

9. The medical device according to claim 8 wherein
sald condults are arranged around said balloon, said

condults being spaced from each other on said balloon and
individually segmented from each other so as not to be in

fluid flow relationship with each other.

10. The medlcal device according to claim 8 wherein
sald dispensing means are disposed on the outer surfaces of

each of sailid conduits.

11. The medical device according to claim 10 wherein
sald dispensing means includes perforations on said

conduits.

12. The medical device according to claim 8 wherein
sald condults are imperforate over their lengths and
terminate in apertures disposed at distal ends thereof

whereby to provide egress for medications from said balloon.

13. The medical device according to claim 8 wherein
salid balloon and said conduits are of a unitary

construction, said conduits being co-extruded in said

balloon.

14 . A method of making a medication dispensing balloon

for a catheter, said method comprising:

co-extruding two dissimilar plastic materials, the

first of the extrusions forming a tube having a wall

disposed about an axis and the other of said plastics being
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disposed within the wall of said tube, said other plastic
being arranged as an array of circumferentially disposed
strands, said array being aligned parallel with said axis,

sald strands being individually enclosed within said tube;

and

withdrawing said strands from said tube whereby to

form a plurality of conduits within said tube.

15. The method according to claim 14 wherein the
plastic forming said tube is high density polyethyvlene, low

density polyethylene or polyethylene copolymers with the
strands being polyethylene terephthalate or Nylon tubing
with the strands being high density polyethylene.

16. The method according to claim 14 wherein the wall
thickness of the extruded tube is between 0.05 and 3.75 mm.

and the diameter of the strands is between about 0.0125 and

2.5 mm.

17. The method according to claim 14 further including
the step of disposing dispensing means on the outer surfaces

of each of said conduits after withdrawing said strands from

sald tube.

18. The method according to claim 17 wherein said

dispensing means are perforations on said conduits.

19. The method according to claim 17 wherein said
condults are imperforate over their lengths and terminate in
apertures disposed at distal ends thereof whereby to provide

egress for medications from said balloon.
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