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(54) Title: CATHETER FOR ADMINISTERING ACTIVE AGENTS

FIG. 1

(57) Abstract: A percutaneously-insertable catheter (10) for administering an active agent to a body site, the catheter comprising: a
distal portion (22) expandable from a contracted condition of introduction to a deployed administering condition, to stabilize the
distal end (2) of the catheter (10) at the body site of administration, and - a flexible tubular element (16) coupled to said distal end
(2) of the catheter (10) for receiving the active agent and administering it to the body. The flexible element (16) comprises an outer
tubular element (161) and an inner tubular element (167) inserted into the outer tubular element (161), with one (161) of the outer
tubular element (161) and the inner tubular element (167) provided with notches (163) which enable its spinal column-like curvature
towards the body site of administration.
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“Catheter for administering active agents”

* % % %
Technical fisld
The present descripilon relates o cabtheters,
Various smbodiments can  relalte to  catheters for
administering active agents, for example, for

administering medication to a ftissue leszion.

Technological background

The techniques of Percutaneous Transluminal
Angioplasty (PTA) have been well established for years
for treating stenotic vessels, such as the coronary
arteries. In this context, the importance has been
revealed of ensuring that the beneficial effects of the
treatment are able to last over time.

For this reason, in addition to the plain and
simple treatments of PTA, based on a sequence of
dilatation actions of the stenotic vessel, carried out
using a balloon catheter, there has been widespread use
of techniques which involve an implant at the stenotic
site, of a stent, which 1s an expandable tubular
structure able to produce a support action of the
vessel wall 1in order to permanently preserve the
patency conditions achieved/restored with angioplasty.

The stent implantation does not, however,
completely exclude the risk of restenosis phenomena.
This has led to the development of a Drug Eluting Stent
(DES), capable of releasing an active agent on the
treated site, such as a restenosis-antagonist agent.

Balloon catheters capable of delivering an active
agent, such as a drug, are known for other means,
thanks to the fact that the wall of the balloon is
provided with openings (or rather is “porous”). These

openings allow a liquid placed inside the balloon
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itself to spread to the outside of the balloon, which
serves as a liquid carrier for the active agent. In
particular, the liquid 1in question may be the
pressurized liquid used for dilating the balloon on the
site subjected to treatment.

Moreover, catheters have been proposed for
administering - by injection - a drug suitable for
treating a tissue lesion, for example, a blood vessel
or a tissue that is located in the vicinity of a blood

vessel as demonstrated in the documents US—A~

AN SN Lol ~7 o + £ Tt oy T O T + IR 7 T 7
2007/0282257, WO-A-2012/02953%L, Us-A-bh 3Zb4d 27%2, US-A-
o~ Fen oo - i oy e o NP T SN SN T
201170166516, US-A-5 £93 029 and US-A-ZC03/C17174,

In particular, the U.S, patent appliicaticon US-A-

2003/017174 proposes a catheter egquipped with a balloon
and a neadle for administering a drug te a cardiac

iesion, where the ballioccn h

the functicn of retaining

5]
mn

the needle in the reguired position for administering
the drug to the cardiac lesion.

The catheter described in US-A-2003/017174
presents, however, a relatively complex configuration
for the expulsion of the needle from the catheter body,
where 1t is the structure of the catheter body that
determines the acquisition of the curvature required by
the needle for the injection of the drug 1into the

lesion.

Ubhysct and summary

Various embodiments aim to provide a catheter
suitable for administering an active agent to a body
site, for example, for administering a drug to a deep
lesion 1in a tissue, the catheter having a simple
structure and being economically more advantageous to
produce.

Various embodiments enable achievement of this

objective thanks to a catheter having the
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characteristics referred to specifically in the claims
that follow.

The claims form an integral part of the technical
disclosure herein provided in relation to the
invention.

Various embodiments exemplified here may refer to
a percutaneously-insertable catheter for administering
an active agent to a body site, the catheter
comprising:

- a distal portion expandable from a contracted
condition of introduction to a deployed administering
condition, to stabilize the distal end of the catheter
at said body site, and

- a flexible tubular element coupled to said
distal end of the catheter to receive and administer
the active agent to said body site.

In various embodiments, the flexible element may
comprise an outer tubular element and an inner tubular
element inserted into the outer tubular element, with
one of said outer tubular element and said 1inner
tubular element having notches, which allow the spinal
column-like curvature towards said body site.

Various embodiments exemplified here may enable
the administering of an active agent, such as a drug in
either liquid form for a rapid uptake, or in gel-form
to obtain a slower release profile, which is controlled

by the lesion.

Brief description of the figures

Embodiments will now be described, purely by way
of non-limiting example, with reference to the attached
figures, wherein:

- Figure 1 shows a catheter according to one

embodiment;
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- Figures 2 to 4 are sections along the lines II-
II, III-III and IV-IV of Figure 1, respectively;

-  Figure 5, comprising two parts indicated
respectively by A and B, represents an embodiment of a
flexible element shown 1in the retracted condition
within the catheter (part A of Figure 5) and in the
extracted condition from the catheter (part B of Figure
5);

- Figure 6 1is a section along the line VI-VI of
part A of Figure 5; and

- Figure 7 shows the mode of use of embodiments.

Detailed description

In the following description, wvarious specific
details are illustrated, aimed at a thorough
understanding of wvarious examples of embodiments. The
embodiments can be implemented without one or more of
the specific details, or with other methods,
components, materials, etc. In other cases, known
structures, materials, or operations are not shown or
described in detail to avoid obscuring the wvarious
aspects of the embodiments.

The reference to “an embodiment” in the context of
this description indicates that a particular
configuration, structure or characteristic described in
relation to the embodiment is included in at least one

AV

embodiment. Therefore, phrases such as in an
embodiment”, possibly present in various points of this
description do not necessarily refer to the same
embodiment. Furthermore, particular conformations,
structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

The references used herein are only for the

convenience of the reader and therefore do not define
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the field of 9©protection or the scope of the
embodiments.

Figures 1 and 2 to 4 show, aspectively, a side
view and a series of c¢rosgss-sectional views c¢i &
catheter 10, which zan be used to administer an acltive
agent to a body site, for example, to adminlster a drug
Te oa tissue lesion.

in wvaricus enbodiments, the catheter 10 can

include a body 12 provided at its distal end 2 with a

flexible {curvable; elemeni 16 administering an

active agent (e.g. a druyg, reagent, etc.) and an

expandablie porticn 22, on a distal gportion of the

cathelter 10, cCar e of belng expanded bebtween =2

contracted positi and a deploved posit
In various embodiments, the expandable portion 22

can comprise an expandable balloon.

Lous embodiments, =&

with the gatheter 10, along its entire

in wvarious embodiments, the

drug) can ke supplied in liguid form

fLhe element 5 1

irough &

A3 SR i
which extends within the body 12 of the catheter, and

is connected - at the proximal end 6 of the catheter 190

- by means of a luer fitting 13 - to a svatem for
supplyving and pressurizing the active agent o be
administered {(not visible in the figures, and of known

T
-vx,..,

3
Y

In various embodiments, the szupply iumen 18z can

bhe housed within an inner tubular sheath 122, which

extends within the internal body 12 of the

3

The expandable portion (baliocon; 22 is
“hanks to a2 fluid made to fiow through a supply inlet 4

K.

positioned at the proximal end 6 of the cathetew

itself, Thrao

an inflation lumen 18b, by a system for
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opiving and ation fluid {(not

LG oneg

visible in the figures, and of known type).

bodiments, The guide wire 14 and/cr

the flexible element 1¢ can be movable relative to the

ody 12 din the longlitudinal direction.

n

the flexible element 1o

embodiments I

can be free To rotate arvcound its own axzis, Lh

rotation system (not visible in the figures, and of

known  type) positioned at the proximal end of the
catheter 10,

In various embodiments, tThe body 12

. -
1ave 21

third lumen 18c for sliding the guicde wire 14,

the three lumens 18

sheath 122 can
iy 12 of  the

and/or ke independent of sach other,

and 18¢, and

iinalls 52

longit

Tn wvarious pody 12 of the

catheter 10 can have a diameter and a length so that
They can be inserted inte a blcood vegsel of the femoral

region o2r of the brachial regicon of a human body, s0 as

o carry the distal end of the catheter 10 to the area

whare the administering of an achtive agent is requirved,

for e ple To the heart {(percutaneocus insertion;.

In varicus embodiments, as

empiified here, the
body 12 of the catheter can be created with a2 flexible
material =0  that 1t can alse be insgerted into a
Tortucus blcod vessel.

in various embodimenits, a radiopagus elemsnt 171

(e.g. of platinum} can be asscciated with the distal

end 2 of the cgabthetery function of
to allow

sopy -~ Lo agppropriatelyv orienit the catheter 10 itselif.

Terminal ma cr - by nmeans of

the expandable portion

(ballicon} 22 can be used to bilize the distal end 2

of the catheter in order to enable fthe flexible element
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14 to penetrate into the vessel wall to indect the
active agent supplied through the condult 1&a. In

various embodiments, The alement 16 1s capable of

acting by fiesxible needie {curvable) for administering,
in practice by Injecting it in the site to he btreated

{e.g. inte a tissue leslon), the active agent {drug,
reagent, etc.) supplied through condult 18a.

In variocus embodiments, this stazbiiizing funciticon
of the flexible element (needle) 16 can be conducted in
addition to, or alternatively to, using the balloon 22
for carrying out angioplasty.

As exemplified in Figure 5, in various
embodiments, the flexible element 16 can comprise a
(first) outer tubular element 161 and a (second) inner
or core tubular element 167 arranged within the first
tubular element 161 and capable of receiving the active
agent to be administered from the conduit 18a.

In various embodiments, the outer tubular element
161 can comprise a (super)elastic metallic material,
such as Nitinol, while the inner or core tubular
element 167 can comprise an flexible synthetic material
(such as a polyamide resin or polyethylene).

In various embodiments, the first tubular element
161 can be provided with, on a portion of its lateral
surface, a sequence of notches or slots 163, capable of
allowing the flexible element 16 to become curved with
a Jjointed configuration, roughly definable as “spinal
column-1like.”

In other words, 1in various embodiments, the first
tubular element 161 can comprise a plurality of open or
closed sections or tubular segments (“wertebrae”),
connected - at the bottom parts of the notches 163 - by
flexible bridges 169 that enable bending of the element
161 itself.
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Regarding this, 1t will be appreciated, that even
when - according to various embodiments - the element
161 comprises a single piece of flexible material (e.g.
an elastic or superelastic material such as nitinol),
the tubular shape causes the aforementioned sections or
segments to become rigid, or essentially rigid, with
respect to bending in the longitudinal direction, and
in any case, less flexible relative to the bridges 169
connecting them, these bridges 169 identifying the
regions of longitudinal bending of the element 161.

In various embodiments, it is thus possible to
ensure a general flexibility of the element 161 even if
the 1individual portions of this element (i.e. the
“vertebrae” that form the element) included between
successive notches 163 are themselves quite stiff.

In various embodiments, the first tubular element
161 (and therefore the element 16 as a whole, thanks to
the overall flexibility of the core element 167) can
thus achieve, after extraction from the catheter 10, an
overall curved configuration in order to allow its
penetration at the site (e.g. injured tissue) to be
treated.

In various embodiments, the flexible element 16
can present a sharp tip part (for example a chamfer cut
165 at the distal opening of the first tubular element
161), capable of facilitating the penetration of the
flexible element 16 into the treated site.

In various embodiments, the notches 163 in the
first tubular element 161 can be produced by means of
laser technology and/or can dJenerally present a V-
profile.

In various embodiments, the notches 163 can be:

- the same or different from each other, and/or

- distributed uniformly or non-uniformly



WO 2014/128608 PCT/IB2014/059050

10

15

20

25

30

with the possibility to establish, according to the
requirements of use, the arcuate shape that the tubular
element 161 (and the element 16 as a whole) can assume
after extraction from the body 12 of the catheter.

In various embodiments, the notches 163 can be,
for example:

- aligned along a side (a generatrix) of the
element 161 so as to be, when the element is curved, on
the intrados of the arc of curvature or bending,

- aligned along two sides or opposite generatices
of the element 161 so as to be, when the element is
curved, 1n part on the intrados and in part on the
extrados of the arc of curvature, and/or

- variously distributed on the element 161.

In various embodiments, the profile imparted to
the notches 163 (e.g. the V-shaped opening angle
imparted to them, where appropriate) may enable the
determining of the final trajectory of curvature, which
may be reached when the notches located on the intrados
of the arc of curvature are “closed”, with the opposite
sides of the notch nearer to each other.

In various embodiments, the secondo tubular
element 167, optionally continuous, can act as an
internal core that closes the notches 163 present on
the first tubular element 161; the active agent can
then flow within the element 16 to be released
(injected) at the site to be treated, avoiding
dispersion within the vessel (e.g. blood) where the
catheter has been inserted.

In various embodiments, at least one radiopague
element 170, e.g. platinum, can be associated with the
flexible element 16 - for example by coupling it to the
first tubular element 161 - with the function of

trajectory marker of curvature to allow the operator -



WO 2014/128608 PCT/IB2014/059050

10

15

20

25

30

35

_10_

by means of scopy - to orient the flexible element 16
towards the lesion to be treated.

In various embodiments, the at least one
trajectory marker of curvature 170 can be placed
alongside at least one of said notches, for example in
correspondence with at least one of the bridges 169.

In various embodiments, a plurality of trajectory
markers of curvature 170 may be associated with the
flexible element 16, and arranged alongside said
notches 163.

In various embodiments, the flexible element 16 -
straight or essentially straight when it is received
within the body 12 of the catheter - is therefore able,
once extracted from the inner tubular sheath 122 (and
therefore no longer contained radially by the inner
tubular sheath 122 itself), to become curved, or rather
to take a general comma-shape.

In various embodiments, this result can Dbe
achieved, for example, when either one or the other, or
both, of the outer tubular element 161 and the inner
tubular element 167 presents the aforesaid curved
conformation as “rest” configuration, or rather, a
configuration where either one or the other, or both of
these elements 161 and 167 return elastically when no
longer contained by the inner tubular sheath 122 of the
catheter.

In various embodiments, a similar result can be
achieved, when either one or the other, or both, of the
outer element 161 and the inner element 167 present
characteristics of shape-memory, activatable for
example by administering energy (e.g. thermal or
electrical) in order to carry the element 16 into the
curved condition for administering the active agent. In
this case, the action of containment by the inner

tubular sheath 122 of the catheter in order to maintain
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the element 16 in a straight condition, or essentially
straight (not curved) may be unnecessary, so that it
may be superfluous to envisage that the element 16 1is
initially sheathed and then left uncovered when curving
of the element 16 is required.

In various embodiments, the structure and/or
constituent materials exemplified herein allow a remote
torsional control of the element 16, starting from the
proximal end of the <catheter (kept outside the
patient's body) so as to enable rotation of the
flexible element 16 about the main axis of the distal
portion of the catheter (e.g. the axis of the balloon
22) to ensure administration of the active agent at the
treated site.

In various embodiments, this result can be
achieved by rotating even just one of the elements 161
or, respectively, 167 (having the capacity to curve -
e.qg. elastically and/or by shape-memory - 1in a
determined direction) while the other element 167 or,
respectively, 161 follows the first, thanks to a
general flexibility.

In various embodiments, the roles of the elements
161 and 167 could be reversed with respect to what has
been previously described, also without prejudice to
the other characteristics previously illustrated, for
example by providing the notches 163 (and therefore the
flexible spinal column structure) on the inner element
167, with the outer element 161 forming a sheath or
flexible coat capable of wrapping the inner element,
ensuring a seal at the notches 163, which prevents
leakage of the active agent through these notches.

In various embodiments, the method of use of the
catheter exemplified here envisages that the catheter
10 is introduced into the body of the patient according

to current modes, for example, through the femoral
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artery, and guided until the distal portion is located
at the site to be treated (by way of example, an area
of the neo-infarcted heart).

The introduction of the catheter 1is carried out
with the balloon in the radially-contracted condition
(i.e. with the balloon 22 “deflated”, e.g. wrapped on
the distal portion of the catheter).

Once the balloon has been carried to the treatment
site, the inflation fluid is introduced under pressure
into the lumen 18b, causing the balloon 22 to inflate,
expanding radially, for example as shown 1in Figure 5,
stabilizing the distal end of the catheter 10.

The flexible element 16 can be then made to exit
from the body 12 of the catheter, so that the element
16 assumes, according to the criteria described above,
the curved conformation exemplified in Part B of Figure
5.

In such conditions, the element 16 can be oriented
in such a way to allow it to penetrate into the site
(e.g. tissue lesion) to be treated. The active agent is
then supplied to the flexible element 16 through the
lumen 18a, in order to carry out its function.

This can occur 1in a concomitant, or essentially
concomitant, way with an angioplasty action resulting
from the dilation of the balloon 22, which may possibly
be associated with an angioplasty stent 1in order to
stabilize the stenosis.

The catheter 10 described herein 1is usable for
percutaneous procedures intended to reach not only the
coronary arteries, but also all the reachable areas
through the wvascular system where it may be necessary
to release an active agent, e.g. a drug to treat a
lesion adjacent to a vessel.

The active agent (e.g. the drug) can be used

either as an aqueous solution in order to enable a
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rapid absorption by the 1lesion, or as a colloidal
dispersion (for example, a gel with a viscosity of up
to 200-300 c¢P) for obtaining a slow and controlled
release at the site to be treated.

The stabilizing procedure of the distal portion of
the catheter by the balloon 22 can take into account
possible critical aspects of blood flow in the area.
For example for stabilizing the catheter 1in the
coronary arteries, it 1is possible to 1limit the
inflation time of the balloon so as not to induce
undesired side effects of cardiac ischemia.

In other areas, where the Dblood flow 1is not
critical, and the consequences of a temporary blockage
of the Dblood circulation are better tolerated, it is
possible to use greater inflation times.

In various embodiments, the stabilizing balloon 22
can be mounted on the distal part of the catheter so
that its axis 1s not aligned with that of the catheter
body, so as to favor the convergence of the flexible
element to the vessel wall and, consequently, to the
site to be treated.

In various embodiments, the system of reaching the
position of release o0of the active agent can be
configured as 1n the case for systems used for
angioplasty, 1n which the tip of the catheter 1is
directed with a guide catheter so that it can cross
particular passages, such as the coronary ostia, with
the catheter made to follow beyond the ostia up to the
coronary artery, making it follow a guide wire that
reaches the required point.

Of course, without prejudice to the principle of
the invention, the details of construction and the
embodiments may be varied with respect to what is

described and illustrated, without departing from the
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field of protection of the invention, this field of

protection being defined by the attached claims.



WO 2014/128608 PCT/IB2014/059050

10

15

20

25

30

35

_15_

CLAIMS

1. A percutaneously-insertable catheter (10) for
administering an active agent to a body site, the
catheter comprising:

- a distal portion (22) expandable from a
contracted condition of introduction to a deployed
administering condition, to stabilize the distal end
(2) of the catheter (10) at said body site, and

- a flexible tubular element (16) coupled to said
distal end (2) of the catheter (10) for receiving the
active agent and administering it to said body site,

wherein the flexible element (16) comprises an
outer tubular element (161) and an inner tubular
element (167) 1inserted into the outer tubular element
(1el), with one (161) of said outer tubular element
(161) and said inner tubular element (167) having
notches (163) which enable its spinal column-1like
curvature towards said body site.

2. A catheter according to claim 1, wherein the
flexible element (16) presents a sharp distal end,
preferably a chamfer cut (165) of the outer tubular
element (161), capable of needle-like penetration into
said body site.

3. A catheter according to c¢laim 1 or claim 2,
wherein the other (167) of said outer tubular element
(161) and said inner tubular element (167) form a
flexible sealing closure coat of the notches (163)
present on one (161) of said outer tubular element
(161) and said inner tubular element (167).

4. A catheter according to any one of the preceding
claims, wherein said notches (163) have a V-shaped
profile.

5. A catheter according to any one of the preceding

claims, wherein said notches (163) are aligned on one
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side of said one (161) of said outer tubular element
(161) and saild inner tubular element (167) so as to be
situated on the intrados of the arc formed by said
spinal column-1like curvature.

6. A catheter according to any one of the preceding
claims, wherein the flexible element (16) comprises at
least one marker element (170) to visualize said
curvature by scopy.

7. A catheter according to any one of the preceding
claims, wherein the flexible element (16) comprises a
plurality of marker elements (170) to visualize said
curvature by scopy, wherein said marker elements (170)
are localized at said notches (163).

8. A catheter according to any one of the preceding
claims, wherein said one (16l) of said outer tubular
element (161) and said inner tubular element (167)
comprises a superelastic material, preferably nitinol.

9. A catheter according to any one of the preceding
claims, wherein said other (167) of said outer tubular
element (161) and said inner tubular element (167)
comprises a continuous tubular body of deformable
material, preferably of plastic material.

10. A catheter according to any one of the
preceding claims, wherein said one (161) and said other
(167) of said outer tubular element (161) and said
inner tubular element (167) are, respectively, said
outer tubular element (161) and said inner tubular
element (167).

11. A catheter according to any one of the
preceding claims, wherein the flexible element (16) 1is
coupled to said distal end (2) of the catheter (10),
with the ability to move between a retracted position
within the distal end (2) of the catheter (10) and a
extracted position outside of the distal end (2) of the
catheter (10).
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12. A catheter according to any one of the
preceding claims, wherein at least one of the outer
tubular element (161) and the inner tubular element
(167) of the flexible element (16) is an elastic body
having a curved rest configuration so that, in said
extracted position outside of the distal end (2) of the
catheter (10), the flexible element (16) elastically
assumes a curved conformation.

13. A catheter according to any one of the
preceding claims, wherein at least one of the outer
tubular element (161) and the inner tubular element
(167) of the flexible element (16) 1is a body with
shape-memory characteristics, which make 1t assume a

curved conformation.
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