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(57) Cette invention concerne un dispositif medical qui
permet d’administrer un médicament a 1'mntérieur du
corps d’un patient. Ce dispositif medical comprend un
cathe¢ter (4) qu possede un arbre (5) amnst qu'un
ballonnet (6) f1x¢ a I’extrémaite distale de cet arbre (5). Ce
dispositif comprend €galement un fourreau flexible et a
paro1 fine (10) qui recouvre le ballonnet (6). Ce fourreau
(10) comprend une partie (12) enveloppant le ballonnet
qui possede un diametre interne lu1 permettant d’enserrer
¢troitement ledit ballonnet (6). Le fourreau comprend
¢galement un col (14) qui se trouve en position distale
par rapport a la partie (12) enveloppant le ballonnet, et
qu possede un diametre mterne légerement inférieur au
diametre interne de ladite partie (12). Le col (14) se
termine en une ouverture, tandis qu'une languette (22)
dépasse de maniere distale d une paro1 du fourreau (10).

I*I Industrie Canada  Industry Canada

(57) This mnvention 1s a medical device for delivering a
drug intemally to a patient’s body. The medical device
includes a catheter (4) with a catheter shaft (5) and a
balloon (6) attached to a distal end of the catheter shaft
(5), and a flexible, thin-walled sheath (10) extending
over the balloon (6). The sheath (10) includes a balloon
enveloping portion (12) having an imnner diameter sized
to fit closely around the balloon (6) and a collar (14)
distal to, and having an mner diameter shightly smaller
than the imnner diameter of the balloon enveloping portion

(12). The collar (14) terminates 1n an opening, and a tab
(22) extends distally from a wall of the sheath (10).
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(57) Abstract

This invention is a medical device for delivering a drug internally to a patient’s body. The medical device includes a catheter (4) with
a catheter shaft (5) and a balloon (6) attached to a distal end of the catheter shaft (5), and a flexible, thin—walled sheath (10) extending over
the balloon (6). The sheath (10) includes a balloon enveloping portion (12) having an inner diameter sized to fit closely around the balloon

(6) and a collar (14) distal to, and having an inner diameter slightly smaller than the inner diameter of the balloon enveloping portion (12).
The collar (14) terminates in an opening, and a tab (22) extends distally from a wall of the sheath (10).




CA 02277770 1999-07-14

WO 98/31415 PCT/US98/00373 s

UG DELIVERY BALLOON CATHETER DEVIC(

' This application relates to delivering drugs
internally to a patient’s body.

5 Background of the Invention
Balloon catheters may be used to deliver drugs to
tissue at a desired location of a body lumen or cavity.
Typically, the balloon is positioned at the desired
location for drug delivery by sliding it through portions
10 of the body lumen or cavity where no drug delivery is
desired. Consequently, it may be difficult to avoid
undesired drug release during the positioning of the
balloon, particularly when the body lumen or cavity
transports bodily fluids into which the drug may be
15 released.
U.S. Patent No. 5,304,121 describes a drug
delivery system that uses a hydrogel coating. The ‘121
patent discloses a rigid sheath member extendable over
the hydrogel coating to help prevent the releaée of the
20 drug into bodily fluids. The entire disclosure of the
/121 patent is hereby incorporated herein by réference.
mmary of the Invention ;
One aspect of the invention generally features a
medical device for delivering a drug internally to a
25 patient’s body. The device includes a catheter with a
catheter shaft and a balloon attached to a distal end of
the catheter shaft and a flexible, thin-walled sheath
extending over the balloon. The sheath helps to prevent
the premature release of the drug during the positioning
30 of the balloon at the desired location for drug delivery.
Because the sheath is flexible and thin-walledé the
flexibility and outer diameter of the catheter are only
minimally affected by the addition of the sheath.
The sheath includes a balloon-enveloping portion

35 having an inner diameter sized to fit closely around the
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balloon and a collar distal to, and having an inner
diameter slightly smaller than the inner diameter of, the
balloon-enveloping portion. The collar terminates in an
opening. The collar has a slightly smaller inner
diameter to help prevent the balloon from sliding out of
the opening during the positioning of the balloon at the
desired location for drug delivery.

To facilitate the use of a flexible, thin-walled
sheath which might otherwise be difficult to manipulate
in certain operations described below in which the
relative positions of the sheath and balloon are
adjusted, a tab extends distally from the wall of the
sheath. The tab also may be a continuation of part of
the wall of the sheath. The tab is used to adjust the
sheath with respect to the catheter. Because the tab
should be removed before the device is inserted into the
patient’s body, the sheath may have pre-formed cuts
located where the tab is attached to the sheath. The tab
is detachable from the sheath by tearing the sheath along
the pre-formed cuts. '

The sheath also may have indentations located at
the balloon—-enveloping portion to engage the balloon.
The indentations are transverse to the balloon axis and
help to prevent the balloon from sliding out of the
opening during the positioning of the balloon at the
desired location for drug delivery. .

The wall of the sheath has a thickness of no more
than 0.04 French. Also, the sheath may be made from
polyester, nylon or polyethylene terephthalate'(PET).

In another aspect, the invention generally
features a device in which the balloon is coated with a
hydrogel polymer matrix having a drug embedded therein.

In yet another aspect, the invention generally
features a methed for delivering a drug internally to a
patient’s body by providing the above-described device;
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uncovering the balloon by pushing the balloon out of the
opening of the sheath; preparing the balloon by
introducing the drug to the surface of the balloon; and
covering the balloon by pulling the balloon back through
the opening of the sheath until the balloon is proximal
of the sheath opening. The method also may include steps
such as inserting the device into the body to position
the balloon at a desired location of drug delivery;
delivering the drug to the body; and removing the device
from the body. '

Moreover, the outer surface of the balloon may be
covered with a hydrogel coating before the uncovering
step, and the preparing step may comprise introducing the
drug to the hydrogel coating. In another embodiment, the
outer surface of the balloon may be covered with both a
hydrogel coating and the drug during the preparing step.
The balloon also may be expanded within the sheath to
form a seal between the outer surface of the balloon and
the inner surface of the sheath. This helps to prevents
bodily fluids from flowing into the sheath.

If the sheath has a tab, the method may include
the steps of covering the balloon by holding the tab and
pulling the balloon back through the opening of the
sheath until the balloon is proximal of the sheath
opening and detaching the tab from the sheath. The
detaching step may include tearing the sheath along the
pre—-formed cuts located where the tab is attached to the
sheath.

Other features and advantages will be apparent
from the following drawings, description of the preferred
embodiments and claims.
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Brief Description of the Drawinc

Fig. 1 is a side view, partially in section, of a
device for delivering a drug internally to a patient’s
body .

Fig. 1(a) is a cross-sectional view along lines
l1(a)-1(a) in Fig. 1.

Fig. 2 is a cross-sectional view along lines 2-2
in Fig. 1.

Fig. 3 is a cross-sectional view along lines 3-3
in Fig. 1.

Figs. 4-9 show the steps of delivering a drug
internally to the patient’s body using the device in Fig.
1.

Description of the Preferred Embodiments

Referring to Figs. 1-3, a drug delivery balloon
catheter device 1 includes a catheter 4 with a catheter
shaft 5 and an expandable balloon 6 attached to a distal
end of catheter shaft 5. Device 1 also includes a
flexible, thin-walled sheath 10 extending over balloon 6.
Sheath 10 helps to prevent the premature release of the
drug during the positioning of balloon 6 at the desired
location for drug delivery, for example, when sliding
balloon 6 through a blood vessel.

Catheter shaft 5 is preferably very small 1n
diameter and flexible. Catheter shaft 5 may be formed of
hollow tubing to which balloon 6 is attached. Balloon 6
is preferably made from a compliant material such as
polyethylene which conforms to the shape of the body
lumen wall. Balloon 6 may also be made from other
materials used in angioplasty, e.g., a nondistending
material, such as polyethylene terephthalate (PET).

Balloon 6 has a swellable hydrogel polymer coating
which can absorb a substantial amount of the drug,
typically in aqueous solution form. The hydrogel polymer
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coating is swellable and, in use, the hydrogel releases
the drug. The hydrogel may itself be released from the
surface of the balloon, or it may release the drug while
generally remaining adhered to the balloon (see the /121

5 patent). Those of ordinary skill in the art will
understand that there are a number of suitable hydrogel
polymers that can be used, such as cross-linked polymer
materials formed from the combination of a colloid and
water.

10 The drug 1is preferably water soluble so that it
may be easily absorbed into the hydrogel polymer coating.
The hydrogel polymer’and drug preferably are not
complexed, i.e., they are held together primarily if not
exclusively through non-covalent association that results

15 when the hydrogel polymer swells and absorbs the drug.

In other embodiments, however, it may be advantageous to
select a hydrogel polymer coating for a particular drug
such that the drug is not substantially released into
bodlily fluids before expanding balloon 6. Binding of the

20 drug may be accomplished by electrostatic attraction of
the drug to the coating or a coating additive or by
mechanical binding, e.g., using a coating having a pore
size that inhibits inward flow of bodily fluids or
outward flow of the drug. |

25 The drug may be an antithrombogenic drug or an
antiproliferative drug. Antithrombogenic drugs include
heparin, PPack (dextrophenylalanine proline arginine
chloromethylketone), enoxaprin, aspirin and hirudin.
Antiproliferative drugs include monoclonal antibodies

30 capable of blocking smooth muscle cell proliferation,
heparin, angiopeptin and exoxaprin.

The dosage applied to the tissue may be controlled

, by regulating the time of presoaking the drug into the

hydrogel polymer coating to determine the amount of

35 absorption of the drug solution by the hydrogel polymer
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coating. Other factors affecting the dosage are the
concentration of the drug in the solution applied to the
coating and the releasability of the hydrogel polymer
coating determined by, for example, the thickness of the
hydrogel polymer coating, its resiliency, porosity and
the ability of the hydrogel polymer coating to retain the
drug.

To protect against premature release of the drug
and hydrogel, catheter 4 is covered by sheath 10 during
the positioning of balloon 6 at the desired location for
drug delivery. Sheath 10 is flexible and has a thickness
of no more than 0.04 French. Thus, sheath 10 increases
the outer diameter of catheter 4'by only approximately
0.1 French. Although sheath 10 is preferably made from
polyethylene terephthalate (PET), sheath 10 also may be
made from nylon or polyester. Thus, the flexibility and
outer diameter of catheter 4 are only minimally affected
by the addition of sheath 10. |

Sheath 10 has a balloon~-enveloping portion 12 and
a collar 14. Balloon-enveloping portion 12 has an inner
diameter sized to fit closely around folded balloon 6.
Collar 14 is distal to, and has an inner diameter
slightly smaller than the inner diameter of, the balloon-
enveloping portion 12. Collar 14 terminates in an
opening 16. The slightly smaller inner diameter of
collar 14 helps to prevent balloon 6 from sliding out of
opening 16 during the positioning of balloon 6 at the
desired location for drug delivery.

Sheath 10 also has indentations 20 in the wall of
sheath 10 located at a distal end of balloon-ehveloping
portion 12. Indentations 20 help to prevent balloon 6
from sliding out of opening 16 during the positioning of
balloon 6 at the desired location for drug delivery.
Indentations 20 are molded into the wall of sheath 10 and

35 are transverse to the balloon axis. Indentations 20 may
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be straightened out temporarily by pulling on the wall of
sheath 10. |

Sheath 10 also includes a tab 22 extending
distally from the wall of sheath 10. Tab 22 may be used
to adjust sheath 10 with respect to catheter 4. As

described below, tab 22 should be removed from sheath 10
before insertion into the patient’s body. Removal is
achieved by tearing along pre-formed cuts 24 in the wall
of sheath 10, located where tab 22 is attached to sheath
10.

Finally, device 1 may include a relatively stiff
tubing 26 and adapter 28 disposed at the proximal end
(outside the patient’s body) for a better seal between
sheath 10 and catheter 4. '

II. Use

Referring to Figs. 4-9, a drug may be delivered
internally to the patient’s body using device 1 as
follows. Drug and hydrogel coating typically are added
to the balloon surface shortly before the device is
inserted into the patient’s body. First, balloon 6 is
exposed by pushing it out of opening 16 of sheath 10.
Balloon 6 is expanded, and a drug in an aqueous solution
is absorbed into the hydrogel polymer coating, for
example by immersing it in a small vial 7 containing the
drug, as shown in Fig. 4. Alternatively, the drug may be
applied to the balloon in the form of droplets from an
eyedropper, or it may be precipitated into the hydrogel
polymer coating before sterilization and the coated '
balloon catheter is sold as a finished device.

After balloon 6 is dried and deflated, balloon 6
is covered with sheath 10 by pulling balloon 6 back into
sheath 10 while holding tab 22, as shown in Fig. 5.
Balloon 6 is positioned within sheath 10, so that balloon
6 is proximal of collar 14 of sheath 10. Tab 22 is

detached from sheath 10 by tearing or cutting along pre-
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formed cuts 24 (Fig. 6) before inserting the device into
the patient.

Although tab 22 is helpful in manipulating the
flexible, thin-walled sheath, other embodiments of the
invention may describe other ways for adjusting the
relative positions of the sheath and balloon. For
example, the balloon may be pulled back into the sheath
by using forceps to hold the sheath. In another
embodiment, the balloon may be covered with the sheath by
unrolling the sheath over the balloon.

After balloon 6 is positioned within sheath 10,
balloon may be slightly expanded so that the outer
surface of balloon 6 contacts with the inner surface of
sheath 10, thereby forming a seal between the outer
surface of balloon 6 with the inner surface of sheath 10.
This helps to prevent bodily fluids from flowihg into
sheath 10. Balloon 6 is then deflated.

In Fig. 7, device 1 is inserted into a blood
vessel having a region to be treated, such as an
occlusion due to deposits of plaque on the veséelwall
tissue. Device 1 is moved along the vessel tofposition
balloon 6 at the desired location for drug delivery.

Referring to Fig. 8, after balloon 6 is positioned
at desired location for drug delivery, balloon 6 is
uncovered by pulling on sheath 10 while maintaining
balloon 6 in position. Balloon.6 slides out of opening
16 of sheath 10. As balloon 6 is expanded, the drug 1is
released for transfer into the plagque and tissue. As
shown in Fig. 9, the pressure applied to the plaque and
tissue by the expansion of balloon 6 enhances the
transfer of the drug into the plague and tissue. After
the drug is delivered to the tissue, balloon 6 is
deflated and removed from the patient’s body.
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What is claimed is:

1. A medical device for delivering a drug
internally to a patient’s body comprising:
a catheter with a catheter shaft and a balloon
attached to a distal end of the catheter shaft; and
a flexible, thin-walled sheath extending over the
balloon, wherein the sheath includes
a balloon-enveloping portion having an inner
diameter sized to fit closely around the balloon, and
a collar distal to, and having an inner
diameter slightly smaller than the inner diameter of, the
balloon-enveloping portion, the collar terminating in an
opening.

2. The device of claim 1 further comprising a
tab extending distally from the wall of the sheath.

3. The device of claim 2 wherein the tab is a
continuation of part of the wall of the sheath.

4. The device of claim 2 wherein the sheath has
pre-formed cuts located where the tab is attached to the

sheath.

5. The device of claim 4 wherein the tab is
detachable from the sheath by tearing the sheath along
the pre-formed cuts.

6. The device of claim 1 wherein the sheath has
indentations located at the balloon-enveloping portion to
engage the balloon.

7. The device of claim 1 wherein the wall of the
sheath has a thickness of no more than 0.04 French.
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8. The device of claim 1 wherein the sheath is
made from polyester, nylon or polyethylene terephthalate
(PET) .

9, The device of claim 1 wherein the balloon is
5 coated with a hydrogel polymer matrix having a drug
embedded therein.

10. A method for delivering a drug internally to
a patient’s body comprising:
providing the device of claim 1;
10 uncovering the balloon by pushing the balloon out
of the opening of the sheath;
preparing the balloon by introducing thé drug to
the surface of the balloon; and :
covering the balloon by pulling the balloon back
15 through the opening of the sheath until the balloon is
proximal of the sheath opening.

11. The method of claim 10 further comprising:
inserting the device into the body to position the
balloon at a desired location of drug delivery;

20 delivering the drug to the body; and
removing the device from the body.

12. The method of claim 10 wherein the outer
surface of the balloon is covered with a hydroéel coating
before the uncovering step, and.the preparing step

‘25 comprises introducing the drug to the hydrogel coating.

13. The method of claim 10 wherein the outer
surface of the balloon is covered with both a hydrogel
coating and the drug during the preparing step.
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14. The method of claim 10 further comprising
expanding the balloon within the sheath to form a seal
between the outer surface of the balloon and the inner
surface of the sheath.

15. A method for delivering a drug internally to
a patient’s body comprising:

providing the device of claim 2;

uncovering the balloon by pushing the balloon out
of the opening of the sheath;

preparing the balloon by introducing a drug to the
surface of the balloon:;

covering the balloon by holding the tab and
pulling the balloon back through the opening of the
sheath until the balloon is proximal of the sheath
opening; and

detaching the tab from the sheath.

16. The method of claim 14 wherein the detaching
step comprises tearing the sheath along pre-formed cuts
located where the tab is attached to the sheath.
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