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(54) Fluid delivery catheter with pressure-actuating needle deployment and retraction

(57) A fluid delivery catheter 10 that uses micro-needles 36 for fluid delivery though a vessel wall. The catheter may
provide fluid delivery therapy for various procedures, such as, for example, delivery of tumescent fluid or renal denervation.
The catheter includes an elongate member 20 with deployable and retractable needles 36 disposed about a distal end
of the elongate member. The needles may be disposed radially about the distal end and/or along a length of the distal end.
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Description

Technical Field

[0001] The present embodiments relate generally to
therapy for hollow anatomical structures, and more spe-
cifically to a fluid delivery catheter with pressure-actuated
needle deployment and retraction.

Backrgound

[0002] Many medical procedures are conducted within
or around a body vessel, such as a blood vessel. Such
procedures often require the delivery of a therapeutic flu-
id or agent to a length of the vessel or around the vessel.
For example, treatment of varicose veins may require
the delivery of a tumescent fluid around a length of a
blood vessel to compress the blood vessel around and
onto a therapeutic device within the blood vessel lumen.
Similarly, to treat varicose veins, a sclerosant may be
injected along the length of a blood vessel to irritate and
eventually close the blood vessel.
[0003] In other procedures, a drug may be delivered
along the length of a vessel to affect various tissue in and
around the vessel. For example, in renal denervation,
which is a procedure to lower blood pressure, a drug may
be delivered to the renal artery to affect the nerves in or
around the vascular wall.
[0004] Delivery of the therapeutic fluid along a length
of the vessel is often an issue. For example, therapeutic
fluid may be delivered subcutaneously around the vessel,
such as injecting tumescent fluid around a vein for vari-
cose vein treatment, which requires multiple injections
along the length of the vein. Injection of a therapeutic
fluid from within the vessel lumen often requires moving
a single needle along and around the vessel lumen to
provide enough of the therapeutic fluid. Both are time
consuming, requiring significant manipulation and multi-
ple injections at multiple sites. Therefore, a more effective
device to inject therapeutic fluid along a length or around
a body vessel is needed.

SUMMARY

[0005] The various embodiments of the present appa-
ratus and methods have several features, no single one
of which is solely responsible for their desirable at-
tributes. Without limiting the scope of the present em-
bodiments as expressed by the claims that follow, their
more prominent features now will be discussed briefly.
After considering this discussion, and particularly after
reading the section entitled "Detailed Description," one
will understand how the features of the present embod-
iments provide the advantages described herein.
[0006] The present disclosure provides a fluid delivery
catheter with pressure-actuated needle deployment and
retraction that enables multiple injections along and/or
around a hollow anatomical structure simultaneously.

[0007] In general, in one aspect, the implementation
of the disclosure features an apparatus for delivery of a
fluid at a treatment site. The apparatus includes an elon-
gate catheter having an outer sleeve defining a treatment
length at or near a distal end of the catheter. The outer
sleeve defines a plurality of spaced apertures and an
outer sleeve lumen. The apparatus also includes a flex-
ible inner lining disposed within the outer sleeve lumen
and defines a plurality of independently pressure-de-
formable portions and a lining lumen. Each of the plurality
of pressure deformable portions is generally aligned with
one of the plurality of spaced apertures. A plurality of
micro-needles are secured to the pressure-deformable
portions and are in fluid communication with the lining
lumen. The pressure-deformable portions and the micro-
needles are recessed beneath an outer surface of the
outer sleeve in an at-rest configuration, and the pressure-
deformable portions are deformable to an extended po-
sition in which at least a portion of the micro-needles
protrude above the outer surface of the outer sleeve.
[0008] One or more of the following features may be
included. The pressure-deformable portions may be de-
formed to the extended position by a pressurized fluid
delivered into the lining lumen. Alternatively, or addition-
ally, the pressure-deformable portions may be deformed
to the extended position by an elongate wire that includes
annular grooves and/or longitudinal grooves. Further, the
pressure-deformable portions may be biased radially in-
ward.
[0009] The pressure-deformable portions may be
spaced from one another along a longitudinal axis of the
treatment length and/or about a circumference of the
treatment length. In embodiments, the spacing and po-
sition of the pressure-deformable portions trace a helix
about the treatment length.
[0010] Further, the pressure-deformable portions may
be shaped as a conical frustum. Each of the micro-nee-
dles may be secured to a base of each of the frustums.
Also, a distal end of the catheter may be closed.
[0011] In general, in another aspect, the implementa-
tion of the disclosure features an apparatus for delivery
of a fluid at a treatment site that includes an elongate
catheter having an outer sleeve defining a treatment
length at or near a distal end of the catheter. The outer
sleeve defines a plurality of spaced apertures and an
outer sleeve lumen. A flexible inner lining is disposed
within the outer sleeve lumen and defines a plurality of
independently pressure-deformable portions and a lining
lumen, wherein each of the pressure deformable portions
are shaped as a conical frustum that is biased radially
inward and positioned to generally aligned with one of
the plurality of spaced apertures. A plurality of micro-
needles are secured to a base of the frustum of the pres-
sure-deformable portions and are in fluid communication
with the lining lumen. The pressure-deformable portions
and the micro-needles are recessed beneath an outer
surface of the outer sleeve in an at-rest configuration,
and the pressure-deformable portions are deformable to
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an extended position in which at least a portion of the
micro-needles protrude above the outer surface of the
outer sleeve.
[0012] One or more of the following features may be
included. The pressure-deformable portions may be de-
formed to the extended position by a pressurized fluid
delivered into the lining lumen. Alternatively, or in addi-
tion, the pressure-deformable portions may be deformed
to the extended position by an elongate wire that includes
annular grooves and/or longitudinal grooves.
[0013] In general, in another aspect, the implementa-
tion of the disclosure features a method of delivering a
fluid at a treatment site within a hollow anatomical struc-
ture (HAS). The method includes positioning a treatment
length of an elongate catheter at the treatment site. The
treatment length includes an outer sleeve defining a plu-
rality of spaced apertures and a sleeve lumen. The treat-
ment length further includes a flexible inner lining defining
a plurality of independently pressure-deformable por-
tions and a lining lumen disposed within the sleeve lu-
men. Each of the plurality of pressure deformable por-
tions are generally aligned with one of the plurality of
spaced apertures. The treatment length further includes
a plurality of micro-needles, each micro-needle being se-
cured to one of the pressure-deformable portions and is
in fluid communication with the lining lumen. The pres-
sure-deformable portions and the micro-needles are re-
cessed beneath an outer surface of the outer sleeve in
an at-rest state. The method further includes deforming
the pressure-deformable portions to an extended posi-
tion in which at least a portion of the micro-needles pro-
trude above the outer surface of the outer sleeve to pen-
etrate a wall of the HAS. The method also includes de-
livering the fluid under pressure into the lining lumen,
through needle lumens of the micro-needles and into the
HAS wall.
[0014] One or more of the following features may also
be included. The pressure-deformable portions may be
deformed to the extended position by the pressurized
fluid delivered into the lining lumen. Alternatively, or in
addition, the pressure-deformable portions may be de-
formed to the extended position by an elongate wire that
includes annular grooves and/or longitudinal grooves.
[0015] The therapeutic fluid flows into the HAS wall at
a plurality of locations simultaneously that correspond to
positions of the plurality of micro-needles.
[0016] Further, ceasing delivery of the therapeutic fluid
may cause the pressure-deformable portions to retract
radially inward such that the micro-needles are again re-
cessed beneath the outer surface of the outer sleeve to
enable removal of the elongate catheter.
[0017] The pressure-deformable portions may be
spaced from one another along a longitudinal axis of the
treatment length and/or about a circumference of the
treatment length. In embodiments, the pressure-deform-
able portions trace a helix about the treatment length.
[0018] In various methods, tumescent anesthesia may
be injected to the treatment site prior to delivering the

therapeutic fluid under pressure.
[0019] The disclosure may be implemented to realize
one or more of the following advantages. The elongate
catheter can deliver fluid to multiple injection sites simul-
taneously with minimal manipulation. The elongate cath-
eter may be used to inject various fluids, such as an-
esthesia, sclerosant agents, or medicants. The retracta-
ble needles enable a reduced diameter of the elongate
catheter for delivery into various hollow anatomical struc-
tures. The micro-needles may be sized to inject fluid into
the hollow anatomical structure or to tissue outside the
hollow anatomical structure. Other features and advan-
tages of the invention are apparent from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present embodiments now will be dis-
cussed in detail with an emphasis on highlighting the ad-
vantageous features. These embodiments are for illus-
trative purposes only. These drawings include the follow-
ing figures, in which like numerals indicate like parts:

Figure 1 is a side perspective view of a fluid delivery
catheter according to the present embodiments;
Figure 2 is a detail view of the portion of the fluid
delivery catheter of Figure 1 indicated by the circle
1-1, showing the micro-needles in a retracted posi-
tion;
Figure 3 is a cross-sectional view of the portion of
the fluid delivery catheter of Figure 2;
Figures 3A and 3B are cross-sectional views of al-
ternative configurations for the fluid delivery catheter
of Figure 2;
Figure 4 is a detail view of the portion of the fluid
delivery catheter of Figure 1 indicated by the circle
1-1, showing the micro-needles in an extended po-
sition;
Figure 5 is a cross-sectional view of the portion of
the fluid delivery catheter of Figure 4;
Figure 6 is a detail view of the portion of the fluid
delivery catheter of Figure 3 positioned within a hol-
low anatomical structure;
Figure 7 is a detail view of the portion of the fluid
delivery catheter of Figure 5 positioned within a hol-
low anatomical structure;
Figures 8 and 9 are cross-sectional views of an al-
ternative technique for deploying the micro-needles
of the fluid delivery catheter of Figure 2.

DETAILED DESCRIPTION

[0021] The following detailed description describes the
present embodiments with reference to the Figures. In
the Figures, reference numbers label elements of the
present embodiments. These reference numbers are re-
produced below in connection with the discussion of the
corresponding Figures’ features. These figures, and their
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written descriptions, indicate that certain components of
the apparatus are formed integrally, and certain other
components are formed as separate pieces. Those of
ordinary skill in the art will appreciate that components
shown and described herein as being formed integrally
may in alternative embodiments be formed as separate
pieces. Those of ordinary skill in the art will further ap-
preciate that components shown and described herein
as being formed as separate pieces may in alternative
embodiments be formed integrally. Further, as used
herein the term integral describes a single unitary piece.
[0022] The present embodiments include a fluid deliv-
ery catheter that uses micro-needles for fluid delivery
though a vessel wall. The catheter may be configured to
provide fluid delivery therapy for various procedures,
such as, for example, delivery of tumescent fluid or renal
denervation. One advantage of the present catheter is
its ability to efficiently and simultaneously deliver fluid
therapy from within a vessel lumen to the vessel wall or
just outside the vessel wall via multiple targeted delivery
areas. The catheter includes an elongate member with
deployable and retractable needles disposed about a dis-
tal end of the elongate member. The needles may be
disposed radially about the distal end and/or along a
length of the distal end.
[0023] Figure 1 illustrates one example embodiment
of the present fluid delivery catheter 10. The catheter 10
comprises a flexible elongate member 12 defining an in-
ternal lumen (not shown). A proximal end 14 of the cath-
eter 10 may include a female coupler 16 configured to
receive a source of therapeutic fluid (not shown). For
example, the female coupler 16 may comprise a female
luer lock fitting configured to receive a syringe having a
corresponding male luer lock fitting.
[0024] The catheter 10 is preferably sized and config-
ured to be advanced through a patient’s target vessel
lumen, such as the vasculature, from an access site on
the body to a treatment site within the vasculature. Ex-
ample dimensions for the catheter 10 include an outside
diameter of approximately 8 French, or in the range of 4
French to 12 French, and a length in the range of 50cm-
200cm, or about 80cm, or about 120cm. Material(s) from
which the catheter 10 is constructed is preferably rigid
enough to enable it to be pushed distally through the
vasculature, but flexible enough to enable navigation of
tortuous vasculature. Example materials for the catheter
10 include polyurethane, polyether block amide
(PEBAX™), or any lubricious and/or hydrophilic polymer
such as nylon, polyethylene or EVA. One suitable com-
position may comprise 39% Pebax 63D, 39% Pebax 72D,
20% BaSO4, and 2% TiO2.
[0025] With continued reference to Figure 1, a distal
portion of the catheter 10 comprises a treatment length
18. The treatment length 18 may be a unitary extension
of the catheter 10, or may be a discrete portion secured
to the catheter 10. The treatment length 18 is illustrated
in the detail views of Figures 2-5.
[0026] With reference to Figures 2 and 3, the treatment

length 18 comprises an outer sleeve 20 and an inner
lining 22. With reference to Figure 3, the outer sleeve 20
comprises a tubular member defining a sleeve lumen 19
with a closed distal end 26. The sleeve 20 includes a
sidewall having a plurality of spaced apertures 28. In the
illustrated embodiment, the apertures 28 are circular, but
in other embodiments the apertures 28 may define any
shape.
[0027] Further, in the illustrated embodiment, the ap-
ertures 28 are spaced both along a longitudinal axis of
the treatment length 18 and about a circumference of the
treatment length 18. With reference to Figure 2, the ap-
ertures 28 may trace a helix H about the treatment length
18, wherein each aperture 28 is spaced 90° circumfer-
entially from each adjacent aperture 28 as measured
along the longitudinal axis of the treatment length 18, and
only one aperture 28 is positioned at any given point
along the longitudinal axis of the treatment length 18.
However, in alternative embodiments the apertures 28
could have any spacing. For example, a plurality of ap-
ertures 28 could be positioned at any given point along
the longitudinal axis of the treatment length 18, with the
plurality of apertures 28 spaced from one another about
the circumference of the treatment length 18.
[0028] The outer sleeve 20 is preferably made of a ma-
terial that is flexible and non-pressure-expandable,
meaning that when a pressurized fluid is delivered to the
interior of the outer sleeve 20 it will not expand appreci-
ably as the pressure increases. As the pressure contin-
ues to increase toward the failure point of the outer sleeve
20, some expansion may occur as the outer sleeve 20
fails. However, such an outer sleeve 20 is still considered
to be non-pressure-expandable. Example materials for
the outer sleeve 20 include, without limitation, polymers
such as polyurethanes in various durometers, polyether
block amide (such as PEBAX®), thermoplastic poly-
urethane (TPU), polyethylene, or any other material.
[0029] With reference to Figures 2 and 3, the inner lin-
ing 22 comprises a tubular member defining a lining lu-
men 24. The lining 22 is received within the sleeve lumen
19 of outer sleeve 20, and includes a sidewall having a
diameter such that the lining 22 abuts an inner surface
of the sleeve lumen 19 along the entire treatment length
18. The lining 22 may extend the entire length of the
elongate member 12 or only the length of the treatment
length 18, or any portion thereof. The lining lumen 24 is
generally aligned with the lumen of the elongate member
12 if the lining 22 is less than the full length of the elongate
member 12. With reference to Figure 3, the lining 22 in-
cludes a plurality of independently pressure-deformable
portions 30 whose positions correspond to the apertures
28 in the outer sleeve 20. In the illustrated embodiment,
each of the pressure-deformable portions 30 is shaped
as a hollow conical frustum, open on one end, with a
base 32 that is recessed within its respective aperture
28. In other embodiments, the pressure-deformable por-
tions 30 may define any shape. A diameter of the base
32 is less than a diameter of its corresponding aperture
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28, such that a sidewall 34 of each pressure-deformable
portion 30 tapers inwardly from the aperture 28 to the
base 32.
[0030] With reference to Figures 2-5, the pressure-de-
formable portions 30 are movable between a retracted
position (Figures 2 and 3) and an extended position (Fig-
ures 4 and 5). The retracted position represents an at-
rest configuration of the lining 22, which prevails when
the pressure within the lining 22 is less than or equal to
the ambient pressure. When a pressurized fluid is deliv-
ered into the lining lumen 24 of the lining 22, upon reach-
ing a threshold pressure the pressure-deformable por-
tions 30 "pop" radially outward to the extended position
in which they protrude from the outer surface of the outer
sleeve 20 (Figure 4). In various embodiments, the thresh-
old pressure may be in the range of 1-1,000 psi, such as
2-20 psi. The pressure-deformable portions 30 are fur-
ther biased toward the retracted position, such that when
the pressure within the lining 22 drops below the thresh-
old pressure the pressure-deformable portions 30 "pop"
radially inward to the retracted position.
[0031] The inner lining 22 is preferably made of a ma-
terial that is flexible to enable movement between the
retracted and extended positions, but elastomeric with a
memory to facilitate inward biasing towards the retracted
position. Example materials for the inner lining 22 in-
clude, without limitation, polymers such as polyurethanes
in various durometers, or any other material.
[0032] With reference to Figures 4 and 5, the treatment
length 18 further comprises a plurality of micro-needles
36. Each micro-needle 36 is secured to the base 32 of
one of the pressure-deformable portions 30, with one mi-
cro-needle 36 per pressure-deformable portion 30. In one
embodiment, the micro-needles 36 may be bonded or
welded directly to each base 32. In another embodiment,
with reference back to Figure 3, an underside of each
base 32 (on the interior side of the lining 22) may include
an abutting needle anchor 38. Each needle anchor 38
may be a thin disk of a rigid or semi-rigid material. Each
micro-needle 36 is embedded in a center of a correspond-
ing one of the needle anchors 38, similar to a thumbtack,
and extends through the base 32 of the corresponding
one of the pressure-deformable portions 30. Each needle
anchor 38 may be secured to its respective base 32 by
any suitable means, such as with adhesive, ultrasonic
welding, or laser spot welding. Each needle may be sized
in length to penetrate into the target vessel. In other em-
bodiments, each needle may be sized in length to pen-
etrate beyond the target vessel to deliver fluid outside
the target vessel. In still other embodiments, the length
of the needles may be mixed to enable delivery of fluid
both into and outside of the target vessel.
[0033] With reference to Figure 4, each micro-needle
36 includes an internal needle lumen (not shown), and a
sharp distal tip 40. The needle lumen is exposed at its
proximal end (the end embedded in the needle anchor
38) so that the needle lumen is in fluid communication
with the lining lumen 24 of the lining 22. Thus, when the

pressurized fluid is introduced into the lining lumen 24,
the pressurized fluid not only causes the pressure-de-
formable portions 30 to move to the extended position,
but also the fluid to flow through the needle lumens and
out the distal tips 40 of the micro-needles 36. The treat-
ment length 18 can thus be used to inject a therapeutic
fluid into a hollow anatomical structure (HAS) by intro-
ducing the therapeutic fluid into the lining lumen 24 under
pressure, as described below. The needle lumens may
be sized small enough to enable a build-up of pressure
within the lining 22 to cause the pressure-deformable por-
tions 30 to move to the extended position before signifi-
cant amounts of the therapeutic fluid are delivered
through the needle lumens. The internal diameter of the
needle lumen may be balanced against the shape of the
pressure-deformable portions 30 to calibrate the pres-
sure necessary to move the pressure-deformable por-
tions 30 to the extended position. For example, with the
materials and material thickness being the same for both
examples, the pressure-deformable portions 30A shown
in Figure 3A would require more pressure to move to the
extended position that the pressure-deformable portions
30B shown in Figure 3B. Thus, the needle 36A may have
a needle lumen with a smaller internal diameter than the
internal diameter of the needle lumen of the needle 36B
to enable more pressure to build within the lining 22.
[0034] A method of using the present fluid delivery
catheter 10 is illustrated with reference to Figures 6 and
7. An operator gains vascular access at an access site.
For example, and without limitation, in a procedure such
as denervation of the renal artery, the access site may
be located along the femoral artery, and the access meth-
od may be percutaneous access. Before or after gaining
access , the operator may flush or prime the lumen of
the elongate member 12 and the lining lumen 24 with
saline or the therapeutic fluid before putting the catheter
10 into the vasculature.
[0035] After gaining vascular access, the operator may
advance the catheter 10 through the vasculature to the
treatment site. The operator may use external imaging,
such as ultrasound or fluoroscopy, to aid in guiding the
catheter 10 to the treatment site. During the catheter 10
advancement phase, the catheter 10 is in the configura-
tion of Figure 3, with the micro-needles 36 retracted.
[0036] With reference to Figure 6, after the treatment
length 18 has reached the treatment site and is in the
desired position within the vessel 42, the operator con-
nects a source of therapeutic fluid to the female coupler
16 at the proximal end 14 of the catheter 10 (Figure 1).
The source of therapeutic fluid may be, for example, a
syringe. The operator then injects the therapeutic fluid
through the elongate member 12 and into the lining lumen
24 of the inner lining 22. The therapeutic fluid may be
any liquid or gas that may be injected into or around a
vessel to produce an effect on the vessel or surrounding
tissue, such as tumescent fluid, sclerosant agents, medi-
cants or drugs. As fluid pressure builds within the lining
lumen 24, upon reaching a threshold pressure the pres-
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sure-deformable portions 30 "pop" radially outward to the
extended position, causing the micro-needles 36 to pen-
etrate the wall of the vessel 42, as shown in Figure 7. As
fluid continues to flow distally through the lining lumen
24 of the inner lining 22, it flows outward through the
micro-needles 36, thus delivering the therapeutic fluid to
the treatment site. In some embodiments in which the
lining lumen 24 is flushed with the therapeutic fluid prior
to being inserted into the vasculature, the injection fluid
of the foregoing step may comprise saline or some other
benign fluid.
[0037] In certain embodiments, the operator may inject
tumescent anesthesia at the treatment site prior to deliv-
ering the therapeutic fluid into the lining lumen 24. The
tumescent anesthesia compresses the vessel 42 at the
treatment site to facilitate penetration of the vessel wall
by the micro-needles 36 when the therapeutic fluid is
injected into the lining lumen 24. Other methods of com-
pressing the vessel 42, such as externally applied man-
ual compression, may also be used in addition to, or in-
stead of, tumescent anesthesia.
[0038] When the desired amount of therapeutic fluid
has been delivered, the operator ceases injecting fluid.
As fluid pressure within the lumen 24 drops, upon reach-
ing the threshold pressure, the pressure-deformable por-
tions 30 "pop" radially inward to the retracted position
due to their radially inward bias, as shown in Figure 6.
The operator subsequently withdraws the catheter 10
from the vessel 42 and concludes the treatment proce-
dure by closing the access site.
[0039] As illustrated above, embodiments of the
present fluid delivery catheter 10 advantageously enable
efficient and simultaneous delivery of fluid therapy from
within a vessel to areas just outside the vessel wall via
multiple targeted delivery areas. The longitudinal and cir-
cumferential spacing of the micro-needles 36 enables
wide dispersal of the therapeutic fluid both along and
around the vessel, thereby covering a large treatment
area in as little as one injection of therapeutic fluid without
any need to translate or rotate the catheter 10 during the
procedure.
[0040] In an alternative embodiment, the pressure-de-
formable portions may be moved to the extended position
by a flexible wire advanced into and through the elongate
member and into engagement with the pressure-deform-
able portions. Referring to Figures 8 and 9, an elongate
wire 50 may include annular grooves 52 to enable fluid
flow through the lumen of the elongate member 12 and
the lining lumen 24. The annular grooves 52 are config-
ured to also enable fluid communication between the
therapeutic fluid in the lining lumen 24 and needle lu-
mens. The annular grooves 52 may be a plurality of in-
dividual circumferential grooves, or may be helically
wound along the length, or a portion of the length, of the
elongate wire 50. As shown in Figure 8, a distal end 54
of the wire 50 engages the deformable portions 30 as
the wire 50 is advanced along the lining lumen 24. The
distal end 54 of the wire 50 is configured to enable smooth

engagement with the deformable portions 30, such as a
rounded end or ramp 56. As the wire 50 is advanced
further distally, the wire 50 pushes the deformable portion
30 to the extended position (Fig. 9). Therapeutic fluid
may then be injected into the elongate member 12, along
the lumen of the elongate member, and into the lining
lumen 24, where the fluid may then pass out the needle
lumens. When the procedure is completed, the wire 50
is retracted proximally, and the deformable portions 30
will return to the retracted position automatically due to
inward bias of the deformable portions 30. The wire 50
has the benefit of enabling the needles 36 to have a larger
needle lumen for the delivery of more fluid quickly be-
cause the fluid is not required to build the pressure in the
lining 24 to move the deformable portions 30.
[0041] In another example embodiment, the wire 50
may have longitudinal grooves or flutes along the length
of the wire 50. The longitudinal grooves, like the annular
grooves 52, enable fluid flow around the wire and into
the needle lumens.
[0042] It is to be understood that the foregoing descrip-
tion is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended
claims. Other embodiments are within the scope of the
following claims.

Claims

1. An apparatus for delivery of a fluid at a treatment
site, the apparatus comprising:

an elongate catheter (10);
an outer sleeve (20) defining a treatment length
(18) at or near a distal end (26) of the catheter
(10), the outer sleeve (20) defining a plurality of
spaced apertures (28) and an outer sleeve lu-
men (19);
a flexible inner lining (22) disposed within the
outer sleeve lumen (19) and defining a plurality
of independently pressure-deformable portions
(30) and a lining lumen (24), wherein each of
the plurality of pressure-deformable portions
(30) are generally aligned with one of the plural-
ity of spaced apertures (28); and
a plurality of micro-needles (36) secured to the
pressure-deformable portions (30) and in fluid
communication with the lining lumen (24);
wherein the pressure-deformable portions (30)
and the micro-needles (36) are recessed be-
neath an outer surface of the outer sleeve (20)
in an at-rest configuration, and the pressure-de-
formable portions (30) are deformable to an ex-
tended position in which at least a portion of the
micro-needles (36) protrude above the outer
surface of the outer sleeve (20).

2. The apparatus of claim 1, wherein the pressure-de-
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formable portions (30) are deformed to the extended
position by a pressurized fluid delivered into the lin-
ing lumen (24).

3. The apparatus of claim 1, wherein the pressure-de-
formable portions (30) are deformed to the extended
position by an elongate wire (50), the elongate wire
(50) comprising at least one of annular grooves (52)
or longitudinal grooves.

4. The apparatus of any preceding Claim, wherein the
pressure-deformable portions (30) are biased radi-
ally inward.

5. The apparatus of any preceding Claim, wherein the
pressure-deformable portions (30) are spaced from
one another along a longitudinal axis of the treatment
length (18) and about a circumference of the treat-
ment length (18).

6. The apparatus of Claim 5, wherein positions of the
pressure-deformable portions (30) trace a helix
about the treatment length (18).

7. The apparatus of any preceding Claim, wherein each
of the pressure-deformable portions (30) is shaped
as a conical frustum.

8. The apparatus of Claim 7, wherein each of the micro-
needles (36) is secured to a base (32) of each of the
frustums.

9. The apparatus of any preceding Claim, wherein the
distal end (26) of the catheter (10) is closed.
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