(12) (19) (CA) Dem ande-Application

WD
(OFFICE DE LA PROPRIETE s N RN N CANADIAN INTELLECTUAL
INTELLECTUELLE DU (CANADA } PROPERTY OFFICE 2 265 034
\ (21) (Al) g ’

22) 1999/03/08

43) 1999/09/10
(72) HIESHIMA , Grant, US

(71) CORDIS CORPORATION, US

51) Int.C1.° A61B 17/12, A61F 2/06

30) 1998/03/10 (60/077,468) US

54) SYSTEME DE DEPLOIEMENT DE SONDE A EMBOLIE
HYDRAULIQUE

54y EMBOLIC COIL HYDRAULIC DEPLOYMENT SYSTEM

104

/\ / 106
\{_}‘-—“““:S f‘g"‘"::' "'Wfflﬂﬂiaﬂ)

108

114

(57) A medical device for placing an embolic coil at a preselected location within a vessel comprising a positioning
catheter having a distal tip for retaining the embolic coil which when pressurized with a fluid expands outwardly to
release the coil at the preselected position.

I*I Industrie Canada  Industry Canada



h

CA 02265034 1999-03-08

EMBOLIC COIL HYDRAULIC DEPLOYMENT SYSTEM

ABSTRACT OF THE DISCLOSURE

A medical device for placing an embolic coil at a preselected
location within a vessel comprising a positioning catheter having
a distal tip for retaining the embolic coil which when pressurized

with a fluid expands outwardly to release the coi1il at the

preselected position.
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EMBOLIC COIL HYDRAULIC DEPLOYMENT SYSTEM

Grant Hieshima

BACKGROUND QOF THE INVENTION

Field of the Invention

The present invention relates to a medical device for placing

an embolic coil at a preselected location wlthin a vessel of the

5 human body, and more particularly, relates to a catheter having a
distal tip for retaining the embolic coll in order to transport the

coll to a preselected position within the vessel and a control

mechanism for releasing the embolic coil at the preselected

position.

10 Description of the Prior Art
For many years flexible catheters have been used to place

various devices within the vessels of the human body. Such devices

include dilatation balloons, radiopaque fluids, liquid medications

and various types of occlusion devices such as palloons and embolic

15 colls. Examples of such catheter devices are disclosed in U.S.

Patent No. 5,108,407, entitled “Method And Apparatus For Placement

Of An Embolic Coil”; U.S. Patent NoO. 5,122,136, entitled,

YEndovascular Electrolytically Detachable Guidewire Tip For The

Electroformation Of Thrombus In Arteries, Veins, Aneurysms,

20 Vascular Malformations And Arteriovenous Fistulas.” These patents

disclose devices for delivering embolic coils to preselected

position within vessel of the human pody 1in order to treat

aneurysms or alternatively to occlude the blood vessel at the

particular location.
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Coils which are placed 1n vessels may take the form of
helically wound colls, or alternatively, may be random wound coils,
colls wound wlthin other «coils or many other such coil
configurations. Examples ot wvarious coil configurations are
disclosed 1n U.S. Patent No. 5,334,210, entitled, *"Vascular
Occlusion Assembly; U.S. Patent NO. 5,382,259, entitled,
“Vasoocclusion Coil With Attached Tubular Woven Or Braided Fibrous
Coverings.” Embolic coils are generally formed of a radiopaque
metallic materials, such as platinum, gold, tungsten or alloys of
these metals. Often times several coils are placed at a given
location 1n order to occlude the flow of blood through the vessel
by promoting thrombus formation at the particular location.

In the past, embolic coils have been placed within the distal
end of the catheter and when the distal end of the catheter 1is
properly positioned the coil may then be pushed out of the end of

the catheter with, for example a guidewire, to release the coil at

the desired location. This procedure of placement of the embolic
colil 1s conducted under fluoroscopic visualization such that the
movement of the coll through the vasculature of the body may be
monitored and the colil may be placed in the desired location. With
these placements systems there 1s very little control over the
exact placement of the coil since the coil may be ejected to a
position some distance beyond the end of the catheter. As 1s
apparent, with these 1latter systems, when the coil has been

released from the catheter 1t 1s difficult, if not impossible, to

retrieve the coil or to reposition the coil.
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NUumerous procedures have been developed to enable more
accurate positioning of coils within a vessel. Still another such
procedure 1nvolves the use of a glue or solder for attaching the
embolic coll to a guidewire which, is in turn, placed within a
flexible catheter for positioning the coil within the vessel at a3
preselected position. Once the coil is at the desired position.
the coll 1s restrained by the catheter and the guidewire is pulled
from the proximal end of the catheter to therebyv cause the coil to
pe detached from the guidewire and released from the catheter
system. Such a coll positioning system is disclosed in U.S. Patent

5,263,964, entitled, ”Coaxial Traction Detachment Apparatus And

Method.”

Another coill positioning system utilizes a catheter having a
socket at the distal end of the catheter for retaining a ball which
1s bonded to the proximal end of the coil. The ball, which is
larger in dlameter than the outside diameter of the coil, is placed
in a socket within the lumen at the distal end of the catheter and
the catheter 1s then moved into a vessel in order to place the coil
at a desired position. Once the position is reached, a pusher wire
with & piston at the end thereof is pushed distally from the
proximal end'of the catheter to thereby push the ball out of the
socket 1n order to thereby release the coil at the desired
position. Such a system is disclosed in U.S. Patent No. 5,350,397,
entitled, “Axially Detachable Embolic Coil Assembly.” One problem
with this type of coil placement system which utilizes a pusher

wlire which extends through the entire length of the catheter and
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which is sutficiently stiff to push an attachment ball out of
engagement with the socket at the distal end of the catheter is
that the pusher wire 1nherently causes the catheter to be too stiff
with the result that it is very difficult to guide the catheter
through the wvasculature of the body.

A.nother method for placing an embolic ceil 1is that of
utilizing a heat releasable adhesive bond for retaining the coil at
the distal end of the catheter. One such system uses laser enerqgy
which 1s transmitted through a fiber optic cable in order to apply
heat to the adhesive bond in order to release the coil from the end
of the catheter. Such a method is disclosed in U.S. Patent No.
5,108,407, entitled, ~“Method And Apparatus For Placement Of An
Embolic Coi1l.” Such a system also suffers from the problem of
having a separate element which extends throughout the length of

the catheter with the resulting stiffness of the catheter.

SUMMARY OF THE INVENTION

The present i1invention is directed toward a vascular occlusive
coll deployment system for use in placing an embolic coil at a
preselected site wilithin a vessel which includes an elongated,
flexible catheter having a distal tip for retaining the coil so

that the coll may be moved to the preselected position within the

vessel. The catheter has a lumen which extends therethrough the

length of the catheter and also includes a distal end which 1is

formed of a material having a durometer such that wnhen a fluid

pressure of about 300 pounds per sguare inch (psi) is applied to
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> interior of the catheter, the walls of the distal tip expand

-

th

N

cutwardly, or radially, to thereby increase the lumen of the distal
tip of the catheter. The proximal end of the embolic coil is
placed into the lumen of the distal tip of the catheter and is
retalned by the distal tip of the catheter. A hydraullc 1injector,
such as a syringe, 1s coupled to the proximal end of the catheter
for applying a fluid pressure to the interior of the catheter.

When the coill 1s placed at a desired position within a vessel,

fluid pressure 1s then applied to the interior of the catheter by

the hydraulic i1njector to thereby cause the walls of the distal e

to expand outwardly to thereby release the coil for placement in

the vessel.

relatively short distal section. The proximal section is formed of
a material which 1s sufficiently flexible to be passed through the
vasculature of the human body and is of &a durometer which
essentially resists outward expansion when a filuid pressure on the
order of about 300 psi 1s applied to the interior of the catheter.
The distal section of the catheter is formed of a material which is
also sufficiently flexible to be passed through the vasculature of
the body, yet 1s of a durometer which is significantlyv lower than
the durometer of the proximal section and exhibits the property of
expanding outwardly, or radially, when such a ftluld pressure is

applied to the 1nterior of the catheter to thereby permit the

release of the embolic coil.
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I.I"l accordance with still another aspect o©f the present
invention, the distal section of the catheter has a durometer in a
range of between about 25D and S5D.

In still another aspect of the present invention, the embolic
coll 1s comprised of a hglical coll having a proximal end, a distal
end, and a lumen extending therethrough. A seal plug is disposed

within the lumen of the proximal end of the coil in fluid-tight

engagement. The proximal end of the coil is disposed in a fluid-
tight engagement within the lumen of the distal section of the
catheter and 1s retained by the lumen of the catheter for

supbsequent release.

In another aspect of the present invention, the hydraulic

lnjector for applying a fluid pressure to the interior of the
catheter takes the form of a syringe which 1is coupied to the
proximal end of the catheter for, upon movement of the piston,
creating a fluid pressure which is applied to the interior of the

catheter to thereby cause the release of the embolic coil.

devices, such as a vascular filter.

In another aspect of the present invention, there is provided
a method for placing an embolic coil with a selected site within a
vessel of the body comprising the steps of advancing a catheter
through the vasculature of the body to place an embolic coil which
1s retained within the lumen of the distal tip of the catheter to

a preselected site, applying a fluid pressure to the interior of
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the caéheter Lo thereby cause the distal tip of the catheter to
expand radially outwardly to release the embolic coil at the
preselected site, and withdrawing the catheter from the vasculature
system.

5 These aspects of the invention and the advantages thereof will
be more clearly understood from the following description and

drawings of a preferred embodiment of the present 1nvention:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s an enlarged, partial sectional view of the
10 hydraulic vascular occlusive coil deployment system of the present
invention;
Figure 2 1s an enlarged partially sectional view showing the
distal end of the coil deployment system prior to deployment of the
coll;

15 Figure 3 and 4 illustrate the sequential steps 1n the radial

embolic coll 1s released: and

Figure 5 1llustrates the distal tip of the coil deployment

system after release of the embolic coil.

20 DESCRIPTION OF A PREFERRED EMBODIMENT

Figure 1 generally illustrates the vascular occlusive coil

deployment system 100 which is comprised of a hydraulic injector or
syringe 102, coupled to the proximal end of a catheter 104. An

embolic coil 106 is disposed within the lumen of the distal end 108
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of the catheter. The proximal end of the coil 106 is tightly held
within the lumen of the distal section 108 of the catheter 104
untll the deployment system is activated for release of the coil.
As may be seen, the syringe 102 includes a threaded piston 110
which 1s controlled by a handle 112 for infusing fluid into the
interior of the catheter 104. Also as illustrated, the catheter
104 1ncludes a winged hub 114 which aides in the insertion of the
catheter into the vascular system of the body.

Figure 2 1llustrates in more detail the distal end of the
catheter 104. The catheter 104 includes a proximal section 116 and
the distal section 108. The proximal section 118 of the embolic
coil 106 1s disposed within the distal section 108 of the catheter
and 1s tightly held within the lumen 120 of this distal section 108
prior to release of the coil. As may be appreciated, Figure 2
1llustrates the vascular occlusive coil deployment system prior to
activation of the piston of the syringe and prior to release of the
coil.

The embolic coil 106 may take various forms and configurations
and may even take the form of a randomly wound coil, however, with
the helical .wound coil as 1illustrated in Figure 2, the coil is
provided with a weld bead or seal plug 122 which is disposed in a
lumen 123 which lumen extends throughout the length of the coil
106. The seal plug 122 serves to prevent the flow of fluid through
the lumen of the coil 106 so that when the coil 108§ is placed in

fluid-tight engagement with the lumen 120 the coil serves to

provide a fluid-tight seal at the distal end of the catheter 104.
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Adjaceﬂt turns of the coil 106 at the proximal end 118 of the coil
are preferably continuously welded together so that the welded
turns of the coll 1n conjunction with the plug seal 122 provide a
generally unitary structure which serves to plug or seal the distal
end Oof the catheter in a fluid tight relationship.

Preferably, the proximal section 116 and the distal section
108 ot the catheter 104 are formed of materials having different
durcmeters. The proximal section 116 is preferably formed of Pebax
material having a durometer in a range of about 62D to 75D. The
proximal section 1is sufficiently flexible to transverse the
vasculature of the human body, but is sufficiently rigid such that
when a fluid pressure of approximately 300 psi is applied to the
interior of this section of the catheter there is very little, if
any, radlial expansion of the walls of this section. Oﬁ the other
hand, the distal section 108 of the catheter is preferably formed
of polymer material with a relatively low durometer which, exhibits
the characteristic that when a fluid pressure of approximately 300
psl 1s applied to the interior of the catheter the walls of the
distal section 108 expand radially, somewhat similar to the action
of a balloon i1nflating, to thereby release the proximal end 118 of
the coi1l 106. As may be appreciated, there are numerous materials
which could be used to fabricate the proximal section 116 andg
distal section 108 of the catheter 104, however, the distal section
108 1s preferably formed from & block copolymer such as Pebax
having & durometer of between 25D and 55D with a durometer of 40D

being the preferred durometer.
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Figures 3 and 4 generally illustrate the coil release

mechanism 1n action for the vascular occlusive catheter deployment
system. More particularly, as shown in Figure 3, when a hydraulic
pressure 1s applied to the interior 124 of the catheter 104 the
relatively low durometer distal section 108 Oof the catheter begins
to expand radially, much as a balloon expands during the process of
inflation. As the distal section 108 continues to expand radially
there comes a point as illustrated in Figure 4 in which the coil
106 becomes disengaged from the lumen of the distal section 108 and
the coll 1s then released from the catheter and is deployved at that
location within the wvessel.

As 1llustrated in Figure 5, when the coil 106 has been
released from the catheter 104 the catheter may then be withdrawn
leaving the coil positioned at the desired site.

With the wvascular occlusive coil deployment system of the
present invention it is possible to place an embolic coil very
precisely at a desired location within a vessel. Once the coll has
peen placed in that location by use of the catheter, the catheter
may be activated by applying a hydraulic pressure to the interior
of the cathe;er to thereby cause the catheter to release the coil
and deposit the coil very accurately at the desired location.

As 1s apparent, there are numerous modlfications of the
preterred embodiment described above which will be readily apparent
Co one skilled in the art, such as many varilations and
modifications of the coil including numerous coil winding

configurations, or alternatively other types of implant devices,

10
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such aé‘a vascular filter. Also, there are obviously variations of
the syringe arrangement for applying a fluid pressure to the
interior of the catheter, including many other fluld pressure
generating systems for increasing the pressure within the interior
5 of a catheter 1n order to cause the distal section of the catherer
to expand. These modifications would be apparent to those having
ordinary skill in the art to which this invention relates and are

lntended to be within the scope of the claims which follow.

[]
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A vasoocclusive coill deployment system for use in placing a
coll at a preselected site within a vessel comprising:

an elongated flexible catheter having a 1lumen extending
therethrough and having a proximal section and a distal section,
sald distal section of the catheter being formed of a material
having a durometer which exhibits the characteristic that when a
fluid pressure 1s applied to the interior of the catheter the walls
of the distal section of the catheter expand outwardly;

an embolic coil being disposed in fluid-tight engagement
within the lumen of the distal section of the catheter: and,

a syringe coupled to the proximal section of the cétheter for
applying a fluid pressure to the interior of the catheter to
thereby cause the distal section of the catheter to expand

outwardly to thereby release the embolic coil.

2. A vasoocclusive coil deployment system as defined in Claim 1,
wherein saild proximal section of said catheter is formed of a
material which 1s sufficiently flexible to be passed through the
vasculature of the body and is formed of a material which exhibits
the characteristic of having substantially no radial expansion when
a fluid pressure of about 300 psi is applied to the interior of the

catheter, the distal tip 1is formed of a material which is also

sufficiently flexible to be passed through the vasculature of the

[2




AN

10

15

20

CA 02265034 1999-03-08

body and 1s of a durometer which is substantially lower than the

durometer of the proximal section.

having a durometer in a range of between about 25D and 55D.

4 . A vasoocclusive coil deployment system as defined in Claim 2,

wherein the distal tip of the catheter has a curometer of about

40D.

5. A vasoocclusive coil deployment system as defined in Claim 3,

wherelin the vasoocclusive coil is comprised of a helical coil
having a proximal end, &a distal end and a lumen extending
therethrough, a seal plug is disposed in fluid-tight engagement

wlthin the lumen at the proximal end of the coil and the proximal

end of the coil is disposed within the lumen of the distal section

of the catheter.

6 . A vasoocclusive coil deployment system as defined in Claim 3,
wherein said proximal section of said catheter 1s formed of a

polymer having a durometer in a range of 62D to 75D.

7. A vasoocclusive coil deployment system for use in placing a

coll at a preselected site within a vessel comprising:

13
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ah elongated flexible catheter having a lumen extending
therethrough and having a proximal section and a distal section,
sald distal section of the catheter peing formed of a material
having a durometer which exhibits the characteristic that when a
S fluid pressure of about 300 psi applied to the interior of the
catheter the walls of the distal section of the catheter exvand
outwardly;
an embolic coil being disposed in tluid-tight engagement
wlithin the lumen of the distal section of the catheter; and,
10 & plston coupled to the proximal section of the catheter for
applying a fluld pressure to the interior of the catheter to

thereby cause the distal section of the catheter to expand

outwardly to thereby release the embolic coil.

8 . A vasoocclusive coil deployment system as defined in Claim 7,

15 wherein said proximal section of said catheter is formed of a

20 catheter, the distal tip is formed of a material which 1s also
sufficiently flexible to be passed through the vasculature of the

body and is of a durometer which is substantially lower than the

durometer of the proximal section.

14
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10. A vasoocclusive coil deployment system as defined in Claim 8,

whereln the distal tip of the catheter has a durometer of about

40D.

11. A vasoocclusive coil deployment system as defined in Claim 9,
wherein the vasoocclusive coil is comprised of a helical coil
having a proximal end, a distal end andg a lumen extending
therethrough, a seal plug is disposed in fluid-tight engagement
within the lumen at the proximal end of the coil and the proximal

end of the coil 1s disposed within the lumen of the distal section

of the catheter.

12. A vasoocclusive coil deployment system as defined in Claim 9,
wherein said proximal section of said catheter is formed of a

polymer having a durometer in a range of about 62D to 75D.

13. A vasoocclusive coil deployment system for use in placing a
coll at a preselected site within a vessel comprising:

an elongated flexible catheter having a lumen extending
therethrough and having a proximal section and a distal section,

sald distal section of the catheter being formed of a2 material

having a durometer which exhibits the characteristic that when a

15
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10 l14. A vasoocclusive coil deployment Ssystem as defined in Claim 13,

wherein said proximal section of said catheter 1is formed of a
materlal which 1is sufficiently flexible to be passed through the

vasculature of the body and is formed of =a material which exhibits

catheter, the distal tip is formed of a material which is also
sutficiently flexible to be passed through the vasculature of the

body and is of a durometer which is substantially lower than the

durometer of the proximal section.
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having a proximal end, a distal end and a lumen extending
therethrough, a seal plug is disposed in fluid-tight engagement
within the lumen at the proximal end of the coil and the proximal

end of the coil is disposed within the lumen of the distal section

10 of the catheter.

18. An implant device deployment system for use in placing an

implant device at a preselected site within a vessel comprising:

outwardly;

A . . . .
20 an 1implant device being disposed in fluid-tight engagement

within the lumen of the distal section of the catheter: and

17
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thereby cause the distal section of the catheter to expand

outwardly to thereby release the implant device.

catheter, the distal tip is formed of a material which is also
sufficiently flexible to be passed through the vasculature of trhe

pbody and is of a durometer which is substantially lower than the

durometer of the proximal section.

distal section of the catheter.

18
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