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(57) ABSTRACT

A catheter assembly comprises a catheter including a catheter
wall and a lumen extending lengthwise of the wall. The wall
has inner and outer surfaces. The wall includes plural open-
ings that extend through the wall and communicate with the
lumen. An elongated hollow needle includes a proximal end
portion and a distal end portion. The needle is movable in the
lumen to move the distal end portion between the openings.
The distal end portion is directed radially outward so as to
extend into an adjacent opening. The distal end portion has a
configuration that stores potential energy when in the lumen.
The potential energy is converted to kinetic energy to produce
movement of the proximal end portion as the distal end por-
tion moves from the inner surface of the catheter wall across
an edge of an opening. The movement of the proximal end
portion is haptically perceptible.
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CATHETER ASSEMBLY AND METHOD OF
TREATING A VASCULAR DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 61/598,979 filed on Feb. 15, 2012,
and entitled CATHETER ASSEMBLY AND METHOD OF
TREATING A VASCULAR DISEASE, and of U.S. Provi-
sional Patent Application 61/752,061 filed on Jan. 14, 2013,
and entitled CATHETER ASSEMBLY AND METHOD OF
TREATING A VASCULAR DISEASE the entirety of which
is incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a catheter assembly
that comprises a catheter and an elongated hollow needle and
to a method of delivering fluid to tissue surrounding a lumen
in a body organ with such a catheter assembly and, more
particularly, to a catheter assembly in which a needle is mov-
able in a lumen of a catheter to move a distal end of the needle
between openings formed in a wall of the catheter and to a
method of treating vascular disease with such a catheter
assembly.

BACKGROUND OF THE INVENTION

[0003] One method for treating varicose veins is
endovenous ablation (“EVA”). EVA involves introducing a
device for delivering laser or radio frequency energy into a
varicose vein to cauterize and close the vein. Implementing
EVA generally involves inserting a catheter into the veinto be
treated and moving the end of the catheter to the end of the
vein. The catheter encloses a device for delivering laser or
radio frequency energy. The energy delivery device is acti-
vated, and the catheter and the energy delivery device are
slowly retracted along the vein. As the catheter and the energy
delivery device are retracted, the energy from the energy
delivery device destroys the tissue of the vein. The vein col-
lapses and is eventually absorbed by the patient’s body.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to a catheter
assembly that comprises a catheter and an elongated hollow
needle and to a method of delivering fluid to tissue surround-
ing a lumen in a body organ with such a catheter assembly
and, more particularly, to a catheter assembly in which a
needle is movable in a lumen of a catheter to move a distal end
of the needle between openings formed in a wall of the cath-
eter and to a method of treating vascular disease with such a
catheter assembly.

[0005] In accordance with an embodiment of the present
invention, a catheter assembly comprises a catheter. The cath-
eter includes a catheter wall and a lumen extending length-
wise of the catheter wall. The catheter wall has a radially inner
surface and a radially outer surface. The catheter wall
includes a plurality of openings that extend through the cath-
eter wall from the inner surface to the outer surface. The
openings communicate with the lumen. An elongated hollow
needle includes a proximal end portion and a distal end por-
tion. The needle is movable in the lumen to move the distal
end portion between the openings. The distal end portion is
directed radially outward so as to extend into an adjacent one
of the openings. The distal end portion has a configuration
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that stores potential energy when the distal end portion is
disposed within the lumen. The potential energy is converted
to kinetic energy to produce movement of the proximal end
portion as the distal end portion moves from the inner surface
of the catheter wall across an edge of the adjacent one of the
openings. The movement of the proximal end portion is hap-
tically perceptible.

[0006] In accordance with another embodiment of the
present invention, a method of delivering fluid to tissue sur-
rounding a lumen in a body organ comprises the step of
inserting a catheter assembly into the lumen in the body
organ. The catheter assembly includes a catheter and an elon-
gated hollow needle with a proximal end portion and a distal
end portion. The catheter includes a catheter wall and a cath-
eter lumen extending lengthwise of the catheter wall. The
catheter wall has a radially inner surface and a radially outer
surface. The catheter wall includes a plurality of openings that
extend through the catheter wall from the inner surface to the
outer surface. The openings communicate with the catheter
lumen. The distal end portion of the needle is directed radially
outward so as to extend into an adjacent one of the openings.
The distal end portion of the needle has a configuration to
produce movement of the proximal end portion of the needle
as the distal end portion moves radially outward from the
inner surface of the catheter wall into the adjacent one of the
openings. The movement of the proximal end portion is hap-
tically perceptible. The method also comprises the step of
moving the needle in the catheter lumen so that the distal end
portion of the needle is disposed adjacent an edge of a first one
of the plurality of openings. The method further comprises
the steps of moving the distal end portion of the needle into
the first one of the plurality of openings to produce haptically
perceptible movement of the proximal end portion of the
needle and extending the distal end portion of the needle into
afirst portion of tissue outside of the lumen in the body organ.
The method still further comprises the steps of introducing a
fluid into the first portion of tissue through the hollow needle
and retracting the distal end portion of the needle from the
first portion of tissue and into the catheter lumen. Yet further,
the method comprises the steps of moving the needle in the
catheter lumen so that the distal end portion of the needle is
disposed adjacent a second one of the plurality of openings,
moving the distal end portion of the needle into the second
one of the plurality of openings to produce haptically percep-
tible movement ofthe proximal end portion of the needle, and
extending the distal end portion of the needle into a second
portion of tissue outside of the lumen in the body organ. Yet
further still, the method comprises the steps of introducing the
fluid into the second portion of tissue through the hollow
needle, and retracting the distal end portion of the needle from
the second portion of tissue and into the catheter lumen.

[0007] In accordance with a further embodiment of the
present invention, a catheter assembly comprises a catheter.
The catheter includes a catheter wall and a lumen extending
lengthwise of the catheter wall. The catheter wall has a radi-
ally inner surface and a radially outer surface. The catheter
wall also includes a plurality of openings that extend through
the catheter wall from the inner surface to the outer surface.
The openings communicate with the lumen. An elongated
hollow needle includes a proximal end portion and a distal
end portion. The needle is movable in the lumen to move the
distal end portion between the openings. The distal end por-
tion is directed radially outward so as to extend into an adja-
cent one of the openings. A first part of the distal end portion
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has a first radius of curvature, and a second part of the distal
end portion has a second radius of curvature. The second part
of'the distal end portion is located distally of the first part of
the distal end portion, and the second radius of curvature is
smaller than the first radius of curvature.

[0008] In accordance with yet another embodiment of the
present invention, an elongated hollow needle comprises a
proximal end portion, a distal end portion, and a tubular
needle wall. The tubular needle wall defines a lumen that
extends through the distal end portion to an open distal end of
the needle wall. The needle wall is sharpened at its open distal
end. The distal end portion of the needle is directed radially
outward. A first part of the distal end portion has a first radius
of curvature, and a second part of the distal end portion has a
second radius of curvature. The second part of the distal end
portion is located distally of the first part of the distal end
portion, and the second radius of curvature is smaller than the
first radius of curvature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other features and advantages of
the present invention will become apparent to one skilled in
the art upon consideration of the following description of the
invention and the accompanying drawings, in which:

[0010] FIG. 1 is a side view of a catheter assembly in
accordance with an embodiment of the present invention;
[0011] FIG.1Aisatop view of a first portion of the catheter
assembly of FIG. 1;

[0012] FIG. 1B is a side view of a second portion of the
catheter assembly of FIG. 1;

[0013] FIG. 2 is an enlarged sectional view of a third por-
tion of the catheter assembly of FIG. 1,

[0014] FIG. 3 is a flow chart showing steps in a method for
treating vascular disease using the catheter assembly of FI1G.
1 in accordance with an embodiment of the present invention;
[0015] FIG. 4 is an enlarged sectional view, similar to FIG.
2, of a portion of a catheter assembly in accordance with a
second embodiment of the present invention;

[0016] FIG.5is an enlarged sectional view, similar to FIG.
2, of a portion of a catheter assembly in accordance with a
third embodiment of the present invention;

[0017] FIG. 5A is a schematic illustration of certain angles
measured with respect to various portions of a needle incor-
porated in the catheter assembly of FIG. 5;

[0018] FIG. 6 is a flow chart showing steps in a method for
treating vascular disease using the catheter assembly of FI1G.
5 in accordance with an embodiment of the present invention;
[0019] FIG. 7 is an enlarged sectional view, similar to FIG.
2, of a portion of a catheter assembly in accordance with a
fourth embodiment of the present invention; and

[0020] FIG. 7A is a sectional view taken generally along
line 7A-7A of FIG. 7.

DETAILED DESCRIPTION

[0021] FIGS. 1 through 2 illustrate a catheter assembly 10,
in accordance with an example of the present invention. The
catheter assembly 10 includes a sheath or catheter 15, which
is made of a flexible and resilient bio-compatible material,
such as a medical grade elastomer. The catheter 15 includes a
catheter wall 19, a first catheter lumen 17 extending length-
wise of the catheter wall, and a second catheter lumen 18
extending lengthwise of the catheter wall.
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[0022] The catheter wall 19 includes a radially outer sur-
face 20. The catheter wall also includes a first radially inner
surface 22 and a second radially inner surface 24. The first
radially inner surface 22 at least partially defines the first
lumen 17. The second radially inner surface 24 at least par-
tially defines the second lumen 18. The outer surface 20, the
first inner surface 22, the second inner surface 24, the first
lumen 17, and the second lumen 18 all extend substantially
the entire length of the catheter 15 and the catheter wall 19.
[0023] The outer surface 20 includes a plurality of ports or
openings 16 that extend from the outer surface to the second
inner surface 24. The openings 16 communicate with the
second lumen 18. As shown in FIG. 1A, the openings 16 are
equally spaced apart and are arranged in a straight line or row
extending along the length of the catheter 15. If desired,
however, the openings 16 could be spaced apart different
distances and/or could be offset circumferentially from a
straight line. Also, as shown in FIG. 1A, the openings 16 have
a generally oval shape. The openings 16 may, however, have
other shapes, such as circular, rhomboid (diamond-shaped) or
rectangular.

[0024] The first lumen 17 is open at both its distal end and
its proximal end. The first lumen 17 receives an elongated
energy delivery device 12. The energy delivery device 12 is a
flexible optical fiber that delivers laser energy. At its proximal
end, the energy delivery device 12 is connected to an energy
source 26, which is a source of laser energy. The energy
delivery device 12 may alternatively be, for example, a metal
wire that delivers radio frequency energy. If the energy deliv-
ery device 12 delivers radio frequency energy, the energy
source 26 is a source of radio frequency energy. As further
alternatives, the energy delivery device 12 may constructed to
deliver energy in the form of high frequency ultrasound or
light other than laser light, and the energy source 26 may be a
source of energy in the form of high frequency ultrasound or
light other than laser light, respectively.

[0025] The second lumen 18 is open at its proximal end and
may be open or closed at its distal end. The second lumen 18
has a central longitudinal axis 21 and receives an elongated
hollow needle 11. The needle 11 is made of a biocompatible
material, such as stainless steel, nitinol or polytetrafiuoroet-
hylene (“PTFE”), that has sufficient rigidity to penetrate a
patient’s tissue and also has sufficient flexibility and resil-
ience to withstand being deflected and then return to a non-
deflected position. As shown in FIG. 2, the needle 11 includes
a tubular needle wall 28. The needle wall 28 includes a radi-
ally outer surface 30 and a radially inner surface 32. The inner
surface 32 defines a third lumen 34. A distal tip 36 of the
needle 11 is open. The portion of the needle wall 28 at the
distal tip 36 is sharpened so that the distal tip of the needle 11
can penetrate tissue of, for example, a vein (not shown) and
tissue surrounding the vein. At its proximal end 38, the needle
11 is connected to a reservoir 40 of fluid. The fluid may be a
diagnostic fluid, a therapeutic fluid, and/or a fluid to aid in the
delivery of energy by, for example, acting as a heat sink. As
one example, the fluid may be a tumescent fluid comprising
saline solution combined with an anesthetic agent, such as
lidocaine. As a result of the construction of the needle, the
fluid may flow from the proximal end 38 of the needle 11,
through the third lumen 34, and then out of the distal tip 36 of
the needle.

[0026] Atits proximal end 44, the catheter 15 is joined to a
Y-connector 13. The Y-connector 13 includes a main body
portion 46 and a side arm portion 48. The main body portion
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46 includes a first passage (not shown) that communicates
with the first lumen 17 in the catheter 15. At the point where
the side arm portion 48 of the Y-connector 13 branches off
from the main body portion 46, the first passage (not shown)
follows the side arm portion. The first passage extends
through the side arm portion 48 to the proximal end of the side
arm portion. The first passage receives the energy delivery
device 12, which extends through the side arm portion 48 of
the Y-connector 13 and projects from the proximal end of the
side arm portion. A flush port 14 is connected to the side arm
portion 48 and communicates with the first passage (not
shown) in the side arm portion.

[0027] Themainbody portion 46 of the Y-connector 13 also
includes a second passage (not shown) that communicates
with the second lumen 18 in the catheter 15. At the point
where the side arm portion 48 of the Y-connector 13 branches
off from the main body portion 46, the second passage (not
shown) follows the main body portion. The second passage
extends through the main body portion 46 to the proximal end
of the main body portion. The second passage receives the
hollow needle 11, which extends through the main body
portion 46 of the Y-connector 13 and projects from the proxi-
mal end of the main body portion.

[0028] The needle 11 includes a distal end portion 42 (FIG.
2) that includes the distal tip 36 of the needle and extends
toward the proximal end 38 of the needle for a predetermined
distance. The distal end portion 42 has a predetermined
hooked or curved configuration. The distal end portion 42 is
both sufficiently rigid in a lengthwise direction to permit the
needle 11 to penetrate vascular tissue, as well as tissue outside
of and surrounding vascular tissue, and sufficiently flexible
and resilient in a radial direction to permit the distal end
portion to be deflected from its curved configuration and then
return to a non-deflected position.

[0029] The needle 11 also includes a proximal end portion
50 that includes the proximal end 38 of the needle and extends
toward the distal tip 36 of the needle for a predetermined
distance. The proximal end portion 50, as well as the remain-
der of the needle other than the distal end portion 42, is
substantially straight as manufactured and has a substantially
straight central longitudinal axis 51. When the needle 11 is
received in the second lumen 18 and the distal end portion 42
of'the needle extends radially outward through an opening 16,
as described below, the central longitudinal axis 51 will tend
to be coaxial with the central longitudinal axis 21 of the
second lumen.

[0030] As shown in FIG. 1B, the proximal end portion 50
may optionally include two sets of indicia 52 and 53. The two
sets of indicia 52 and 53 are provided to help convey to a user
of the catheter assembly 10 information regarding the longi-
tudinal position and rotational position, respectively, of the
needle 11. Because the needle 11 has a relatively small outer
diameter, the indicia 52 and 53 are formed on a cylindrical
plastic ferrule 54 (FIG. 1B) that is secured to the outer surface
30 of the needle wall 28 so as to move with the needle. To
provide information about the position of the needle 11 rela-
tive to the catheter 15, two additional sets of indicia 56 and 57
are formed on a bracket 58 secured to the Y-connector 13. The
bracket 58 may alternatively be secured to any other structure
that is secured to the catheter 15 so as to move with the
catheter. The bracket 58 is adjacent to, but spaced from the
ferrule 54 and the needle 11 so that the needles is free to move
longitudinally, laterally, and rotationally relative to the
bracket.
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[0031] Theindicia 52 and 56 are hash marks or other mark-
ings spaced apart axially along the length of the ferrule 54 and
the bracket 58, respectively. The indicia 53 and 57 are hash
marks or other markings spaced apart radially around the
circumference of the ferrule 54 and the bracket 58, respec-
tively. The indicia 52, 53, 56 and 57 are disposed and formed
such that the relative positions of the needle 11 and the cath-
eter 15 may be determined by viewing the relative positions or
alignment of the indicia. Although each of the four sets of
indicia 52, 53, 56 and 57 is shown as including more than one
hash mark, one or more of the sets of indicia may include only
a single hash mark or other marking. For example, each of the
indicia 52 and 53 may consist of a single hash mark, while
each of the indicia 56 and 57 may consist of multiple hash
marks. Such an arrangement may allow the indicia 52 and 53
to be formed on or secured directly to the outer surface 30 of
the needle wall 28 without the use of the ferrule 54. The
ferrule 54 and the bracket 58 may also be components of a
handle assembly (not shown) to facilitate manipulation of the
needle 11 and/or to lock the needle in position relative to the
catheter 15.

[0032] In use, the catheter assembly 10 is inserted into a
patient’s vein (not shown). The needle 11 is received in the
second lumen 18 and is movable lengthwise in the second
lumen. When the distal end portion 42 of the needle 11 is
received in the second lumen 18, the catheter wall 19 deflects
the distal end portion of the needle from its curved configu-
ration and constrains the distal end portion in a generally
straight configuration. Such deflection and constraint of the
distal end portion 42 stores potential energy. As the needle 11
moves lengthwise in the second lumen 18, the distal end
portion 42 of the needle moves adjacent successive ones of
the openings 16 in the catheter wall 19. When the distal tip 36
of the needle 11 is disposed adjacent an opening 16 in the
catheter wall 19, the radial resilience of the distal end portion
42 of the needle directs the distal tip and the distal end portion
radially outward. The stored potential energy in the distal end
portion 42 is converted to kinetic energy in the moving distal
end portion. The distal tip 36 and the distal end portion 42 will
then extend radially outward into the adjacent opening 16.

[0033] If the distal tip 36 of the needle 11 is initially posi-
tioned at the distal end of the second lumen 18, the needle may
be withdrawn or moved lengthwise through the second lumen
toward the proximal end 44 of the catheter 15. By orienting
the needle 11 appropriately about its longitudinal axis, the
distal tip 36 can be positioned so as to be directed into suc-
cessive ones of the openings 16 in the catheter wall 19. Spe-
cifically, as the distal tip 36 approaches the opening 16a (FIG.
2) closest to the distal end of the second lumen 18, the distal
tip will move along the second inner surface 24 of the catheter
wall 19. When the distal tip 36 moves to a position directly
adjacent to the opening 16a, the distal tip will be directed into
the opening and away from the longitudinal axis 21 of the
second lumen 18 by the resilient bias of the distal end portion
42 of the needle 11.

[0034] The resilient radial bias of the distal end portion 42
of'the needle 11 will also produce a movement of the needle
that will be haptically perceptible to the user of the catheter
assembly 10. More particularly, the distal end portion 42 is
configured to produce haptically perceptible movement of the
proximal end portion 50 of the needle 11 in response to
radially outward movement of the distal end portion. Conse-
quently, when the user of the catheter assembly detects a
movement or vibration of the needle 11 indicating that the
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distal tip 36 has been extended into the opening 164, the user
can then reverse the longitudinal movement of the needle.
Such reverse movement will cause the distal end portion 42 of
the needle 11 to extend into and through the opening 164 to a
greater distance or extent so as to penetrate the adjacent tissue
of'the patient. The adjacent tissue will include both the tissue
of'the patient’s vein and tissue surrounding the patient’s vein.
When the distal end portion 42 has penetrated the adjacent
tissue of the patient to a sufficient distance or extent, fluid may
be introduced into the tissue through the needle 11. The fluid
may, for example, be a tumescent fluid comprising saline
solution combined with an anesthetic agent, such as
lidocaine.

[0035] After a predetermined amount of fluid has been
introduced into the tissue adjacent the opening 164 closest to
the distal end of the second lumen 18, the user of the catheter
assembly 10 can resume moving the needle 11 lengthwise
through the second lumen 18 toward the proximal end 44 of
the catheter 15. The resumed movement toward the proximal
end 44 of the catheter 15 retracts or withdraws the distal end
portion 42 of the needle 11 into the second lumen 18 from the
tissue adjacent the opening 16a closest to the distal end of the
second lumen 18. The catheter wall 19 again deflects the
distal end portion 42 of the needle 11 from its curved con-
figuration and toward the longitudinal axis 21 of the second
lumen 18, and the distal tip 36 of the needle moves along the
second inner surface 24 of the catheter wall. As the distal tip
36 of the needle 11 moves to a position directly adjacent to an
opening 165 (FIG. 2) that is next closest to the distal end of the
second lumen 18, the distal tip will be directed into the open-
ing 165 and away from the longitudinal axis 21 of the second
lumen 18 by the resilient bias of the distal end portion 42 of
the needle 11.

[0036] The resilient radial bias of the distal end portion 42
of'the needle 11 will also produce a movement of the needle
that will be haptically perceptible to the user of the catheter
assembly 10. As previously described, the distal end portion
42 is configured to produce haptically perceptible movement
of a proximal end portion 50 of the needle 11 in response to
radially outward movement of the distal end portion. Conse-
quently, when the user of the catheter assembly detects a
movement or vibration of the needle 11 indicating that the
distal tip 36 has been extended into the opening 165, the user
can then reverse the longitudinal movement of the needle.
Such reverse movement will cause the distal end portion 42 of
the needle 11 to extend into and through the opening 165 to a
greater distance or extent so as to penetrate the adjacent tissue
of'the patient. The adjacent tissue will include both the tissue
of'the patient’s vein and tissue surrounding the patient’s vein.
When the distal end portion 42 has penetrated the adjacent
tissue of the patient to a sufficient distance or extent, fluid may
be introduced into the tissue through the needle 11.

[0037] After a predetermined amount of fluid has been
introduced into the tissue adjacent the opening 165, the user
of'the catheter assembly 10 can resume moving the needle 11
lengthwise through the second lumen 18 toward the proximal
end 44 of the catheter 15. The resumed movement toward the
proximal end 44 of the catheter 15 retracts or withdraws the
distal end portion 42 of the needle 11 into the second lumen
18 from the tissue adjacent the opening 165. The catheter wall
19 again deflects the distal end portion 42 of the needle 11
from its curved configuration and toward the longitudinal axis
21 of the second lumen 18, and the distal tip 36 of the needle
moves along the second inner surface 24 of the catheter wall.
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[0038] The user of the catheter assembly 10 can repeat the
above described movements as the needle 11 is moved length-
wise through the second lumen 18 toward the proximal end 44
of the catheter 15 and the distal end portion 42 of the needle
is correspondingly moved to positions directly adjacent to
successive openings 16 that are increasingly farther from the
distal end of the second lumen 18. The above described move-
ments may be repeated as many times as may be desired or
required to introduce fluid into a length of vascular and/or
other tissue that is selected by the user of the catheter assem-
bly 10 either before or after introducing the catheter assembly
into the patient’s vein.

[0039] In addition, if the user of the catheter assembly 10
determines that it is necessary or desirable to return to a
portion of tissue located distally of the distal tip 36 of the
needle 11 to introduce additional fluid, the needle may be
conveniently moved in a distal direction by first rotating the
needle away from the openings 16 and then moving the
needle in a distal direction. When the distal tip 36 of the
needle 11 is positioned axially or lengthwise adjacent the
selected portion of tissue into which additional fluid is to be
introduced, the needle can be rotated back into alignment
with the openings 16 to extend through a selected opening
into the selected portion of tissue. The indicia 52, 53, 56 and
57 can facilitate such rotational movement of the needle 11
away from the openings 16, distal movement of the needle 11
to the desired position lengthwise in the catheter 15, and
subsequent rotation of the needle back into to alignment with
the openings.

[0040] After fluid has been introduced into a desired length
of'vascular and/or other tissue adjacent the catheter assembly
10, the distal end of the energy delivery device 12 is moved to
aposition at or beyond the distal end of the catheter 15 and the
first lumen 17, if the energy delivery device is not already in
such a position. Laser (or, alternatively, radio frequency, high
frequency ultrasound, or light other than laser light) energy is
then delivered by the energy delivery device 12 to the tissue
adjacent to the distal end of the energy delivery device. The
catheter 15 and the energy delivery device 12 are slowly
retracted together along the vein. As the catheter 15 and the
energy delivery device 12 are retracted, the energy from the
energy delivery device destroys the tissue of the vein. During
the foregoing treatment process, the fluid that has previously
been injected into the patient’s tissue acts as a heat sink so that
tissue around the vein tends not to be affected by heat pro-
duced by the delivery of energy via the energy delivery device
12. The fluid also constricts the vein from outside the vein so
that treatment of the vein tends to be more effective, and
anesthetic in the fluid helps numb any sensation of pain. As a
result of the treatment process, the vein collapses and is
eventually absorbed by the patient’s body.

[0041] AsshowninFIG. 3, anembodiment of a process 100
for a method of treating vascular disease, such as varicose
veins, with a catheter assembly such as shown in FIGS. 1-2
begins at step 110. The process 100 then proceeds to step 112
in which a catheter assembly, such as the catheter assembly
10 shown in FIGS. 1-2, is inserted into a patient’s vessel. The
process 100 next proceeds to step 114 in which a hollow
needle, such as the needle 11 of FIGS. 1-2, is moved along a
lumen of a catheter included in the catheter assembly. The
process 100 further proceeds to step 116 in which a first one
of a plurality of openings in a radially outer surface of the
catheter is located via a haptically perceptible movement of a
proximal end portion of the needle in response to radially
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outward movement of the distal end portion as the needle
moves to a position directly adjacent the opening and a distal
tip of the needle is directed into the opening. The process 100
thereafter proceeds to step 118 in which the distal end portion
of the needle is extended into the first one of the plurality of
openings, through the tissue of the vessel, and into a first
portion of tissue outside of the vessel. In step 120, a fluid is
introduced into the first portion of tissue through the needle.
The distal end portion of the needle, in step 122, is then
retracted from the first portion of tissue and into the lumen of
the catheter.

[0042] At step 124 of the process 100, a determination is
made as to whether a sufficient area or lengthwise portion of
the patient’s vein has been treated with fluid and, therefore,
whether the treatment area or lengthwise portion should be
extended. If the determination as to extending the treatment
area is positive, the process 100 returns to step 114 and the
needle is moved along the lumen of a catheter toward a second
one of the plurality of openings in the radially outer surface of
the needle. The process further proceeds to step 116 in which
the second one of the plurality of openings in the radially
outer surface of the catheter is located via a haptically per-
ceptible movement of a proximal end portion of the needle in
response to radially outward movement of the distal end
portion as the needle moves to a position directly adjacent the
opening and the distal tip of the needle is directed into the
opening. The process 100 thereafter proceeds to step 118 in
which the distal end portion of the needle is extended into the
second one of the plurality of openings, through the tissue of
the vessel, and into a second portion of tissue outside of the
vessel. In step 120, the fluid is introduced into the second
portion of tissue through the needle. The distal end portion of
the needle, in step 122, is then retracted from the second
portion of tissue and into the lumen of the catheter.

[0043] At step 124 of the process 100, a determination is
again made as to whether a sufficient area or lengthwise
portion of the patient’s vein has been treated with tumescent
fluid and, therefore, whether the treatment area or lengthwise
portion should be extended. If the determination as to extend-
ing the treatment area is now negative, the process 100 moves
on to step 126 in which laser (or, alternatively, radio fre-
quency, high frequency ultrasound, or light other than laser
light) energy is delivered by an energy delivery device, such
as the energy delivery device 12 of FIGS. 1-2, to the tissue
adjacent to the distal end of the energy delivery device. In step
128, the catheter and the energy delivery device are slowly
retracted along the vein. As the catheter and the energy deliv-
ery device are retracted, the energy from the energy delivery
device destroys the tissue of the vein.

[0044] Although the distal end portion 42 of the needle 11
is shown in FIGS. 1-2 as having a predetermined smoothly
curved configuration and as projecting radially outwardly, the
distal end portion may have other predetermined configura-
tions. For example, FIG. 4 shows a catheter assembly 10' in
accordance with a second embodiment of the present inven-
tion, in which the distal end portion 42' of the needle 11
includes a coil 59 that is axially spaced from the distal tip 36
of'theneedle. The coil 59 acts as a spring to increase the radial
bias or resilience in a radial direction of the distal end portion
42' of the needle 11 and thereby increase the force with which
the distal end portion can penetrate vascular tissue, as well as
tissue outside of and surrounding vascular tissue. The distal
end portion 42 of the needle 11 may have still other predeter-
mined configurations, such as an angled configuration, and
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may project from the catheter 15 in other directions, such as
ninety degrees or another angle from the catheter and from the
central longitudinal axis 51 or axially through the distal end of
the catheter. Also, while the method of treating vascular dis-
ease as described above involves positioning a hollow needle,
such as the needle 11 of FIGS. 1-2, so that its distal end
portion is adjacent the distal end of a catheter and moving the
needle toward the proximal end of the catheter, the method
could also be implemented by positioning the needle so that
its distal end portion is near the proximal end of the catheter
and moving the needle toward the distal end of the catheter.
[0045] As a further alternative, one of the first and second
lumens 17 and 18 of the catheter 15 shown in FIGS. 1-2 could
be eliminated. FIG. 5 illustrates a catheter assembly 10", in
accordance with a third embodiment of the present invention.
The catheter assembly 10" is similar in construction to the
catheter assembly 10 but the catheter 15" of the catheter
assembly 10" includes only a single catheter lumen. More
particularly, the sheath or catheter 15" includes a catheter wall
19" and a single catheter lumen 60 extending lengthwise of
the catheter wall. The catheter wall 19" is made of two coaxial
layers of different materials. The radially inner layer 62 is
formed of coiled or braided strands of a bio-compatible
metallic or polymeric material. The radially outer layer 64 is
formed of a homogeneous mass of a flexible bio-compatible
material, such as a medical grade polymer or a medical grade
elastomer.

[0046] The inner layer 62 of the catheter wall 19" provides
additional column strength to the catheter wall and inhibits
kinking of the catheter 15". The inner layer 62 also inhibits
piercing of the catheter wall 19" by, for example, a needle.
Although the inner layer 62 is shown as being formed of
coiled or braided strands of material, the inner layer may be
formed of other types and/or configurations of reinforcing
material. If the inner layer 62 is formed of a metallic material,
the catheter 15" will tend to be more readily and clearly
detected by ultrasound. Further, the inner layer 62 may be
formed of a material that is similar to, but less flexible than
(e.g., higher durometer) than the material used in the outer
layer 64 or may be eliminated entirely. If the inner layer 62 is
formed of a softer material or eliminated, however, the cath-
eter 15" will tend to be more easily pierced.

[0047] The catheter wall 19" includes a radially outer sur-
face 20" and a radially inner surface 66. The outer surface 20"
is provided by a radially outer surface of the outer layer 64 of
the catheter wall 19". The inner surface 66 is provided by a
radially inner surface of the inner layer 62 of the catheter wall
19". The inner surface 66 at least partially defines the single
lumen 60. A coating 68 formed of a hydrophilic material may
optionally be applied to the inner surface 66, as shown, and/or
to the outer surface 20" (not shown). The outer surface 20",
the inner surface 66, and the lumen 60 all extend substantially
the entire length of the catheter 15" and the catheter wall 19".
[0048] The outer surface 20" includes a plurality of ports or
openings 16" that extend from the outer surface to the inner
surface 66. The openings 16" communicate with the lumen 60
and may have a variety of shapes and sizes. The openings 16"
may, for example, be circular in shape and have a diameter in
a range from about 1.5 mm to about 3.0 mm. The openings
16" may, however, have other shapes, such as oval, rhomboid
(diamond-shaped) or rectangular. Although the openings 16"
are shown in FIG. 5 as being defined by circumferential
surfaces 84 that extend substantially perpendicular to the
inner surface 66 and the outer surface 20" of the catheter wall
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19", the openings may be defined by circumferential surfaces
that extend at another angle to the inner and outer surfaces of
the catheter wall or that are curved. If the circumferential
surfaces 84 of the catheter wall 19" extend at an angle to or are
curved relative to the inner surface 66 and the outer surface
20", the circumferential surfaces can provide ramps for a
needle to move into or out of the lumen 60.

[0049] Because the catheter wall 19" includes an inner
layer 62 that provides reinforcement for the catheter wall and
inhibits kinking of the catheter 15", the openings 16" tend to
diminish the functioning of the inner layer in this regard. It
may be desirable, therefore, to provide a ring of reinforce-
ment material (not shown) that either surrounds the circum-
ferential surface 84 defining each opening 16" or provides the
circumferential surface for each opening, in order to help
inhibit kinking of the catheter 15". Like the openings 16 in the
catheter wall 19 shown in FIG. 1A, the openings 16" may be
equally spaced apart and arranged in a straight line or row
extending along the length of the catheter 15". If desired,
however, the openings 16" could be spaced apart different
distances and/or could be offset circumferentially from a
straight line.

[0050] Like the first and second lumens 17 and 18 of FIGS.
1-2, the lumen 60 is open at both its distal end and its proximal
end. The lumen 60 has a central longitudinal axis 61 and
receives, at different times, an elongated energy delivery
device, such as the energy delivery device 12, and an elon-
gated hollow needle 11". The needle 11" is made of the same
materials as the needle 11 of FIGS. 1-2 and has generally the
same construction as the needle 11 of FIGS. 1-2. Unlike the
needle 11, however, the needle 11" has a tubular needle wall
28" with two different thicknesses.

[0051] Asshown inFIG. 5, the needle wall 28" is formed of
coaxial inner and outer hypotubes 70 and 72. The radially
outer hypotube 72 has a larger outer diameter and a larger
inner diameter than the radially inner hypotube 70. For
example, the outer hypotube 72 may have an outer diameter
of'about 1.6 mm, and the inner hypotube 70 may have an outer
diameter of about 1.2 mm. The outer hypotube 72 receives the
inner hypotube 70 and is secured to the inner hypotube to
inhibit relative longitudinal movement of the inner and outer
hypotubes. The outer diameters of the inner and outer hypo-
tubes 70 and 72 and the sizes of the openings 16" are selected
such that the inner hypotube can pass through the openings,
but the outer hypotube cannot pass through the openings. In
this regard, the sizes of the openings 16" in FIG. 5 have been
exaggerated for clarity of illustration and do not reflect the
actual relationship of the opening sizes to the outer diameters
of the inner and outer hypotubes 70 and 72.

[0052] Although the needle wall 28" as shown is formed of
two hypotubes 70 and 72 having different outer diameters, the
needle wall could alternatively be formed of a single hypo-
tube with two different outer diameters or of a single hypo-
tube with a single outer diameter. If the needle wall 28" is
formed of a single hypotube with a single outer diameter, the
hypotube will be able to pass through the openings 16" with-
out restriction, as there will be no interference between a
larger diameter hypotube or a larger diameter portion of a
single hypotube and the circumferential surfaces 84 of the
catheter wall 19" that define the openings.

[0053] The inner hypotube 70 of the needle wall 28" has a
distal end 74 that is disposed a predetermined distance
beyond the distal end 76 of the outer hypotube 72. As a result,
the inner hypotube 70 and, thus, the needle 11" has a distal
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end portion 78 that extends beyond the outer hypotube 72.
The distal end portion 78 make extend proximally just to the
distal end 76 of the outer hypotube 72 or to a location that is
proximal of the distal end of the outer hypotube. The distal
end portion 78 of the inner hypotube 70 and the needle 11" is
formed with two different configurations. Specifically, the
distal end portion 78 of the inner hypotube 70 and the needle
11" is curved and has two different radii of curvature R1 and
R2.For example, the radius of curvature R1 may be in a range
from about 2.5 cm to about 10 cm, and the radius of curvature
R2 may be in a range from about 0.5 cm to about 5 cm. A
proximal part 80 of the distal end portion 78 adjacent the
distal end 76 of the outer hypotube 72 is formed with a first
configuration and has the relatively larger radius of curvature
R1. A distal part 82 of the distal end portion 78 adjacent the
distal end 74 of the inner hypotube 70 is formed with a second
configuration and has the relatively smaller radius of curva-
ture R2. The distal part 82 of the distal end portion 78 may
have a length in a range from about 1 mm to about 2 mm. The
proximal part 80 of the distal end portion 78 has a length that
is greater than the length of' the distal part 82 of the distal end
portion. Together, the distal part 82 of the distal end portion
78 and the proximal part 80 of the distal end portion may have
a minimum combined length in the range of about 1.5 cm to
about 2.0 cm.

[0054] The distal end 74 of the inner hypotube 70 is open
and sharpened and provides the distal tip 36" of the needle
11". The distal end portion 78 of the inner hypotube 70 and the
needle 11" is both sufficiently rigid in a lengthwise direction
to permit the needle 11" to penetrate vascular tissue, as well as
tissue outside of and surrounding vascular tissue, and suffi-
ciently flexible and resilient in a radial direction to permit the
distal end portion to be deflected from its curved configura-
tion and then return to a non-deflected position.

[0055] Theneedle 11" also includes a proximal end portion
(not shown) that includes the proximal end (not shown) of the
needle and extends toward the distal tip 36" of the needle for
a predetermined distance. The proximal end portion of the
needle 11" may be similar in construction to the proximal end
portion 50 of the needle 11 of FIGS. 1-2. The proximal end
portion, as well as the remainder of the needle 11" other than
the distal end portion 78 (i.e., the major portion of the needle),
is substantially straight as manufactured and has a substan-
tially straight central longitudinal axis 86. When the needle
11" is received in the lumen 60 and the distal end portion 78
of the needle extends radially outward through an opening
16", as described below, the central longitudinal axis 86 will
tend to be coaxial with the central longitudinal axis 61 of the
lumen.

[0056] Like the proximal end portion 50 of the needle 11 of
FIGS. 1-2, the proximal end portion (not shown) of the needle
11" may include indicia similar to the indicia 52 and 53 of
FIG. 5B. These indicia, like the indicia 52 and 53, may be
formed on a plastic ferrule (not shown) that is secured to the
outer surface of the needle wall so as to move with the needle
11". To provide information about the position of the needle
11" relative to the catheter 15", two additional sets of indicia
(not shown), like the indicia 56 and 57, may be formed on a
bracket secured to a structure that, in turn, is secured to the
catheter 15" so as to move with the catheter.

[0057] In use, the catheter assembly 10" is inserted into a
patient’s vein (not shown). The needle 11" is received in the
lumen 60 and is movable lengthwise in the lumen. When the
distal end portion 78 of the inner hypotube 70 of the needle
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11" is received in the lumen 60, the catheter wall 19" deflects
the distal end portion of the inner hypotube from its curved
configuration and constrains the distal end portion in a gen-
erally straight configuration (shown in dashed lines in FIG.
5). Such deflection and constraint of the distal end portion 78
stores potential energy. As the needle 11" moves lengthwise
in the lumen 60 and the distal end portion 78 of the inner
hypotube 70 moves along the radially inner surface 66 of the
catheter wall 19", the distal end portion 78 of the inner hypo-
tube 70 moves adjacent successive ones of the openings 16" in
the catheter wall 19". When the distal tip 36" of the needle 11"
is disposed adjacent an opening 16" in the catheter wall 19",
the radial resilience of the distal end portion 78 of the inner
hypotube 70 directs the distal tip and the distal end portion
radially outward. The stored potential energy in the distal end
portion 78 is converted to kinetic energy in the moving distal
end portion.

[0058] More particularly, as the distal tip 36" of the needle
11" and the distal end portion 78 approach a circumferential
edge of an opening 16", at which the circumferential surface
84 of the catheter wall 19" meets the or intersects inner
surface 66, the inner surface of the catheter wall constrains
radial movement of the needle. Such constraint of the distal
end portion 78 maintains the stored potential energy of the
deflected distal end portion. When the distal tip 36" of the
needle 11" and the distal end portion 78 moves across the
circumferential edge of the opening 16" and into the opening,
the inner surface 66 of the catheter wall 19" no longer con-
strains radial movement of the needle. The radial resilience of
the distal end portion 78 of the inner hypotube 70 then directs
the distal tip 36" and the distal end portion radially outward
and away from the longitudinal axis 61 of the lumen 60 and
the longitudinal axis 86 ofthe major portion of the needle 11".
As aresult, the distal tip 36" and the distal end portion 78 will
extend radially outward into the adjacent opening 16". The
stored potential energy in the distal end portion 78 is con-
verted to kinetic energy in the moving distal end portion.

[0059] When theneedle 11" flexes from a generally straight
configuration constrained by the catheter wall 19" into a less
constrained or unconstrained curved configuration and
extends radially outward into an adjacent opening 16", the
movement of the distal end portion 78 of the needle 11" will
be haptically perceptible to a user of the catheter assembly
10". More particularly, the distal end portion 78 is configured
to produce haptically perceptible movement of the proximal
end portion (not shown in FIG. 5) of the needle 11" in
response to radially outward movement of the distal end
portion. Consequently, when the user of the catheter assem-
bly detects a movement or vibration of the needle 11" indi-
cating that the distal tip 36" has been extended into an opening
16", the user can then reverse the longitudinal movement of
the needle. Such reverse movement will cause the distal end
portion 78 of the needle 11" to extend into and through the
adjacent opening 16" to a greater distance or extent so as to
penetrate the adjacent tissue of the patient. The adjacent tis-
sue will include both the tissue of the patient’s vein and tissue
surrounding the patient’s vein. When the distal end portion 78
has penetrated the adjacent tissue of the patient to a sufficient
distance or extent, fluid may be introduced into the tissue
through the needle 11". The fluid may, for example, be a
tumescent fluid comprising saline solution combined with an
anesthetic agent, such as lidocaine.

[0060] After a predetermined amount of fluid has been
introduced into the tissue adjacent the opening 16", the user of
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the catheter assembly 10" can move the needle to another
opening. For example, if the distal tip 36" of the needle 11" is
initially positioned at the distal end of the lumen 60, the distal
tip 36" is initially extended into the opening 164" closest to
the distal end (not shown) of the lumen 60. When the user of
the catheter assembly 10" resumes moving the needle 11",
such movement will be lengthwise through the lumen 60
toward the proximal end (not shown) of the catheter 15". The
resumed movement toward the proximal end of the catheter
15" retracts or withdraws the distal end portion 78 of the
needle 11 into the lumen 60 from the tissue adjacent the
opening 16a" closest to the distal end of the lumen. The
catheter wall 19" again deflects the distal end portion 78 of the
needle 11" from its curved configuration and toward the lon-
gitudinal axis 61 of the lumen 60 and the longitudinal axis 86
of'the major portion of the needle 11", which stores potential
energy in the distal end portion. The distal tip 36" of the
needle moves along the inner surface 66 of the catheter wall.
As the distal tip 36" of the needle 11" moves to a position
directly adjacent to an opening 165" that is next closest to the
distal end of the lumen 60, the distal tip will be directed into
the opening 165" and away from the longitudinal axis 61 of
the lumen 60 and the longitudinal axis 86 of the major portion
of'the needle 11" by the resilient bias of the distal end portion
78 of the needle. The stored potential energy in the distal end
portion 78 is converted to kinetic energy in the moving distal
end portion.

[0061] The resilient radial bias of the distal end portion 78
of'the needle 11" will also produce a movement of the needle
that will be haptically perceptible to the user of the catheter
assembly 10". As previously described, the distal end portion
78 is configured to produce haptically perceptible movement
of a proximal end portion (not shown) of the needle 11" in
response to conversion of stored potential energy in the distal
end portion to kinetic energy, as manifested in radially out-
ward movement of the distal end portion. Consequently,
when the user of the catheter assembly detects a movement or
vibration of the needle 11" indicating that the distal tip 36"
has been extended into the opening 165", the user can then
reverse the longitudinal movement of the needle. Such
reverse movement will cause the distal end portion 78 of the
needle 11" to extend into and through the opening 165" to a
greater distance or extent so as to penetrate the adjacent tissue
of'the patient. The adjacent tissue will include both the tissue
of'the patient’s vein and tissue surrounding the patient’s vein.
When the distal end portion 78 has penetrated the adjacent
tissue of the patient to a sufficient distance or extent, fluid may
be introduced into the tissue through the needle 11".

[0062] After a predetermined amount of fluid has been
introduced into the tissue adjacent the opening 165", the user
of the catheter assembly 10" can resume moving the needle
11" lengthwise through the lumen 60 toward the proximal end
of'the catheter 15". The resumed movement toward the proxi-
mal end of the catheter 15" retracts or withdraws the distal end
portion 78 of'the needle 11" into the lumen 60 from the tissue
adjacent the opening 165". The catheter wall 19" again
deflects the distal end portion 78 of the needle 11" from its
curved configuration and toward the longitudinal axis 61 of
the lumen 60 and the longitudinal axis 86 of the major portion
of the needle 11", and the distal tip 36" of the needle moves
along the inner surface 66 of the catheter wall.

[0063] Theuser ofthe catheter assembly 10" can repeat the
above described movements as the needle 11" is moved
lengthwise through the lumen 60 toward the proximal end of
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the catheter 15" and the distal end portion 78 of the needle is
correspondingly moved to positions directly adjacent to suc-
cessive openings 16" that are increasingly farther from the
distal end of the lumen 60. The above described movements
may be repeated as many times as may be desired or required
to introduce fluid into a length of vascular and/or other tissue
that is selected by the user of the catheter assembly 10" either
before or after introducing the catheter assembly into the
patient’s vein.

[0064] In addition, if the user of the catheter assembly 10"
determines that it is necessary or desirable to return to a
portion of tissue located distally of the distal tip 36" of the
needle 11" to introduce additional fluid, the needle may be
conveniently moved in a distal direction by first rotating the
needle away from the openings 16" and then moving the
needle in a distal direction. When the distal tip 36" of the
needle 11" is positioned axially or lengthwise adjacent the
selected portion of tissue into which additional fluid is to be
introduced, the needle can be rotated back into alignment
with the openings 16" to extend through a selected opening
into the selected portion of tissue. The optional indicia can
facilitate such rotational movement of the needle 11" away
from the openings 16", distal movement of the needle 11" to
the desired position lengthwise in the catheter 15", and sub-
sequent rotation of the needle back into to alignment with the
openings.

[0065] After fluid has been introduced into a desired length
of'vascular and/or other tissue adjacent the catheter assembly
10", the user of the catheter assembly can remove the needle
11" from the catheter assembly and introduce an energy deliv-
ery device, such as the energy delivery device 12 of FIGS.
1-2, into the lumen 60 of the catheter assembly. The distal end
of the energy delivery device 12 is moved to a position at or
beyond the distal end of the catheter 15" and the lumen 60.
Laser (or, alternatively, radio frequency, high frequency ultra-
sound, or light other than laser light) energy is then delivered
by the energy delivery device 12 to the tissue adjacent to the
distal end of the energy delivery device. The catheter 15" and
the energy delivery device 12 are slowly retracted together
along the vein. As the catheter 15" and the energy delivery
device 12 are retracted, the energy from the energy delivery
device destroys the tissue of the vein. During the foregoing
treatment process, the fluid that has previously been injected
into the patient’s tissue acts as a heat sink so that tissue around
the vein tends not to be affected by heat produced by the
delivery of energy via the energy delivery device 12. The fluid
also constricts the vein from outside the vein so that treatment
of the vein tends to be more effective, and anesthetic in the
fluid helps numb any sensation of pain. As a result of the
treatment process, the vein collapses and is eventually
absorbed by the patient’s body.

[0066] AsshowninFIG. 6, an embodiment ofaprocess 200
for a method of treating vascular disease, such as varicose
veins, with a catheter assembly such as shown in FIG. 5
begins at step 210. The process 200 then proceeds to step 212
in which a catheter assembly, such as the catheter assembly
10" shown in FIG. 5, is inserted into a patient’s vessel. The
process 200 next proceeds to step 214 in which a hollow
needle, such as the needle 11" of FIG. 5, is moved along a
lumen of a catheter included in the catheter assembly. The
process 200 further proceeds to step 216 in which a first one
of a plurality of openings in a radially outer surface of the
catheter is located via a haptically perceptible movement of a
proximal end portion of the needle in response to radially
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outward movement of the distal end portion as the needle
moves to a position directly adjacent the opening and a distal
tip of the needle is directed into the opening. The process 200
thereafter proceeds to step 218 in which the distal end portion
of the needle is extended into the first one of the plurality of
openings, through the tissue of the vessel, and into a first
portion of tissue outside of the vessel. In step 220, a fluid is
introduced into the first portion of tissue through the needle.
The distal end portion of the needle, in step 222, is then
retracted from the first portion of tissue and into the lumen of
the catheter.

[0067] At step 224 of the process 200, a determination is
made as to whether a sufficient area or lengthwise portion of
the patient’s vein has been treated with fluid and, therefore,
whether the treatment area or lengthwise portion should be
extended. If the determination as to extending the treatment
area is positive, the process 200 returns to step 214 and the
needle is moved along the lumen of a catheter toward a second
one of the plurality of openings in the radially outer surface of
the needle. The process further proceeds to step 216 in which
the second one of the plurality of openings in the radially
outer surface of the catheter is located via a haptically per-
ceptible movement of a proximal end portion of the needle in
response to radially outward movement of the distal end
portion as the needle moves to a position directly adjacent the
opening and the distal tip of the needle is directed into the
opening. The process 200 thereafter proceeds to step 218 in
which the distal end portion of the needle is extended into the
second one of the plurality of openings, through the tissue of
the vessel, and into a second portion of tissue outside of the
vessel. In step 220, the fluid is introduced into the second
portion of tissue through the needle. The distal end portion of
the needle, in step 222, is then retracted from the second
portion of tissue and into the lumen of the catheter.

[0068] At step 224 of the process 200, a determination is
again made as to whether a sufficient area or lengthwise
portion of the patient’s vein has been treated with tumescent
fluid and, therefore, whether the treatment area or lengthwise
portion should be extended. If the determination as to extend-
ing the treatment area is now negative, the process 200 moves
on to step 226 in which the needle 11" is removed from the
catheter assembly and an energy delivery device, such as the
energy delivery device 12 of FIGS. 1-2, is inserted into the
central lumen of the catheter. In step 228 of the process 200,
laser (or, alternatively, radio frequency, high frequency ultra-
sound, or light other than laser light) energy is delivered by
the energy delivery device to the tissue adjacent to the distal
end of the energy delivery device. In step 230, the catheter and
the energy delivery device are slowly retracted along the vein.
As the catheter and the energy delivery device are retracted,
the energy from the energy delivery device destroys the tissue
of the vein.

[0069] Inone particular embodiment of a catheter in accor-
dance with FIG. 5, the catheter 15" had a lumen 60 with a
diameter equal to 6 French gauge or approximately 2.0 mm.
The corresponding needle 11" was formed of stainless steel
with an outer diameter of 680 microns in the distal end portion
78 of the needle transitioning to an outer diameter of 1.16 mm
at a location proximal to the distal end portion. The proximal
part 80 of the distal end portion 78 of the needle 11" had its
relatively larger radius of curvature R1 equal to approxi-
mately 7.8 cm. The distal part 82 of the distal end portion 78
of'the needle 11" had its relatively smaller radius of curvature
R2 equal to approximately 4.5 cm. The distal part 82 of the
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distal end portion 78 had a length of approximately 0.3 cm.
Stated differently, the part of the needle 11" having aradius of
curvature R2 equal to approximately 4.5 cm had an arc length
of approximately 0.3 cm, which defined a central angle of
approximately 20°. The part of the needle 11" having a radius
of curvature R1 equal to approximately 7.8 cm, which
included the proximal part 80 of the distal end portion 78, had
a length of approximately 4.5 cm. Stated differently, the part
of the needle 11" having a radius of curvature R1 equal to
approximately 7.8 cm had an arc length of approximately 4.5
cm, which defined a central angle of approximately 26°. In
this particular embodiment, the transition in the outer diam-
eter of the needle 11" from 680 microns to 1.16 mm occurred
within the curved part of the needle having a radius of curva-
ture R1 equal to approximately 7.8 cm.

[0070] When tested, the catheter 15" and needle 11" pro-
vided a very pronounced haptic or tactile response as the
needle 11" was along the length of the catheter 15" past the
openings 16". As the needle 11" was drawn back along the
catheter 15" in a proximal direction, the needle reliably and
repeatably entered and exited the openings 16". When the
needle 11" was moved in the opposite distal direction along
the catheter 15", the needle also functioned as intended, but
was more difficult for the user to advance or move distally
along the catheter than to withdraw or move in the proximal
direction.

[0071] In another particular embodiment of a catheter in
accordance with FIG. 5, the catheter 15" had a lumen 60 with
a diameter equal to 4 French gauge or approximately 1.35
mm. The corresponding needle 11" was formed of stainless
steel with an outer diameter of 600 microns. The proximal
part 80 of the distal end portion 78 of the needle 11" had its
relatively larger radius of curvature R1 equal to approxi-
mately 7.8 cm. The distal part 82 of the distal end portion 78
of'the needle 11" had its relatively smaller radius of curvature
R2 equal to approximately 4.5 cm. The distal part 82 of the
distal end portion 78 had a length of approximately 0.3 cm.
The proximal part 80 of the distal end portion 78 had a length
of approximately 4.5 cm.

[0072] When tested, the catheter 15" and needle 11" pro-
vided a very pronounced haptic or tactile response as the
needle 11" was along the length of the catheter 15" past the
openings 16". As the needle 11" was drawn back along the
catheter 15" in a proximal direction, the needle reliably and
repeatably entered and exited the openings 16". When the
needle 11" was moved in the opposite distal direction along
the catheter 15", the needle also functioned as intended, but
was more difficult for the user to advance or move distally
along the catheter than to withdraw or move in the proximal
direction.

[0073] Inyetanother particular embodiment of a catheter in
accordance with FIG. 5, the catheter 15" had a lumen 60 with
adiameter equal to 6 French gauge or approximately 2.0 mm.
The corresponding needle 11" was formed of stainless steel
with an outer diameter of 680 microns transitioning to 1.16
mm. The proximal part 80 of the distal end portion 78 of the
needle 11" had its relatively larger radius of curvature R1
equal to approximately 2.5 cm. The distal part 82 of the distal
end portion 78 of the needle 11" had its relatively smaller
radius of curvature R2 equal to approximately 0.6 cm. The
distal part 82 of the distal end portion 78 had a length of
approximately 0.1 cm. Stated differently, the part of the
needle 11" having a radius of curvature R2 equal to approxi-
mately 0.6 cm had an arc length of approximately 0.1 cm,
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which defined a central angle of approximately 16°. The
proximal part 80 of the distal end portion 78 had a length of
approximately 1.5 cm. Stated differently, the part of the
needle 11" having a radius of curvature R1 equal to approxi-
mately 2.5 cm had an arc length of approximately 1.5 cm,
which defined a central angle of approximately 30°.

[0074] When tested, the catheter 15" and needle 11" pro-
vided a more than adequate haptic or tactile response as the
needle 11" was along the length of the catheter 15" past the
openings 16". (The haptic or tactile response was, however,
less pronounced than the response obtained with the previ-
ously described embodiment having a catheter 15" with a 6
French diameter lumen 60 and aneedle 11" with a 680 micron
outer diameter and radii of curvature R1 equal to approxi-
mately 7.8 cm and R2 equal to approximately 4.5 cm.) As the
needle 11" was drawn back along the catheter 15" in a proxi-
mal direction, the needle reliably and repeatably entered and
exited the openings 16". When the needle 11" was moved in
the opposite distal direction along the catheter 15", the needle
also reliably and repeatably entered and exited the openings
16" without difficulty. (The ease of movement of the needle
11" in the distal direction was markedly better than the ease of
movement of the needle in the distal direction obtained with
the previously described embodiment having a catheter 15"
with a 6 French diameter lumen 60 and a needle 11" with a
680 micron outer diameter and radii of curvature R1 equal to
approximately 7.8 cm and R2 equal to approximately 4.5 cm.)

[0075] The three particular embodiments described above
are intended for use with veins having a diameter in a range
from about 5 mm to about 11 mm. For blood vessels or other
hollow organs with larger internal diameters, the diameters of
the catheter 15" and the needle 11" would be relatively larger.
It was also observed that stainless steel needles with dual
curves and an outer diameter of 600 microns had sufficient
column strength to pierce the tissue of a vein successfully,
while needles formed of nitinol with a single curve and an
outer diameter of 440 microns did not have sufficient column
strength. Further, it was observed that a needle with dual
curves produced a more abrupt movement of the distal end
portion of the needle than a needle with a single curve. This
abrupt snapping action of the needle with dual curves pro-
duced a haptically perceptible movement of the distal end
portion of the needle that was more readily felt or perceived at
the proximal end portion of the needle. It is hypothesized that
energy stored in the deflected distal part of the distal end
portion of such a dual-curve needle, which distal part has the
smaller radius of curvature, is more completely or fully
released than the energy stored in the deflected distal end
portion of a single-curve needle when the tip of the needle
moves over the edge of an opening in the catheter wall. The
more complete release of the stored energy, it is hypothesized,
produces a stronger or more abrupt movement of the distal
part of the distal end portion of a dual-curve needle.

[0076] While the curved needles 11" of the three particular
embodiments described above have been characterized in
terms of their respective radii of curvature and arc lengths,
they can also be characterized in terms of the angles between
lines drawn tangent to various points on the needles. More
specifically, with reference to FIG. 5A, for each needle 11"
having R1 equal to approximately 7.8 cm and R2 equal to
approximately 4.5 cm, a line T1 drawn tangent to the distal
end of the curve with radius of curvature R2 intersects a line
L1 extending from the non-curved portion of the needle at an
angle 61 of approximately 5 7% , measured on the distal side of
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the intersection between the lines. A line T2 drawn tangent to
the distal end of the curve with radius of curvature R1 inter-
sects the line T1 drawn tangent to the distal end of the curve
with radius of curvature R2 at an angle 62 of approximately
322%  measured on the distal side of the intersection between
the lines.

[0077] Similarly, for the needle 11" having R1 equal to
approximately 2.7 cm and R2 equal to approximately 0.6 cm,
a line T1 drawn tangent to the distal end of the curve with
radius of curvature R2 intersects a line L1 extending from the
non-curved portion of the needle at an angle 61 of approxi-
mately 400% , measured on the distal side of the intersection
between the lines. A line T2 drawn tangent to the distal end of
the curve with radius of curvature R1 intersects the line T1
drawn tangent to the distal end of the curve with radius of
curvature R2 at an angle 62 of approximately 15 5% , measured
on the distal side of the intersection between the lines. The
numerical values set forth above and other numerical values
set forth in the present application are given by way of
example only and other values may be used with satisfactory
results.

[0078] The line L1 described above may be the central
longitudinal axis 86 of the non-curved, major portion of the
needle 11". The non-curved, major portion of the needle 11"
is the portion that is substantially straight as manufactured,
and thus the longitudinal axis 86 is also substantially straight.
Because the distal end portion 78 of the needle 11" is formed
with the two radii of curvature R1 and R2, the distal end
portion normally extends in a direction away from the proxi-
mal end portion (not shown) of the needle and also away from
the substantially straight central longitudinal axis 86. More
specifically, the proximal part 80 of the distal end portion 78
extends from the axis 86 in a first direction, and the distal part
82 of the distal end portion extends away from the axis 86 in
a second direction that is different than the first direction.
When the distal end portion 78 of the needle 11" is received in
the lumen 60, the catheter wall 19" deflects the distal end
portion from its normal curved configuration and toward the
axis 86. The catheter wall 19" constrains the distal end portion
78 in a generally straight configuration (shown in dashed lines
in FIG. 5). As is also shown in FIG. 5, the axis 86 is substan-
tially coincident with the longitudinal axis 61 of'the lumen 60.
[0079] As yet another alternative, the needles 11 and 11",
which are deployed from inside the catheter walls 19 and 19",
respectively, can be replaced with one or more needles that
are deployed from outside of a catheter wall. FIGS. 6 and 6A
illustrate a catheter assembly 300, in accordance with a fourth
embodiment of the present invention. The catheter assembly
300 includes a sheath or catheter 302, which is made of a
flexible and resilient bio-compatible material, such as a medi-
cal grade elastomer. The catheter 302 includes a catheter wall
304 and a lumen 306 extending lengthwise of the catheter
wall.

[0080] The catheter wall 304 includes a radially outer sur-
face 308 and a radially inner surface 310. The inner surface
310 at least partially defines the lumen 306. The outer surface
308 and the inner surface 310 are free of ports or openings that
extend from the outer surface to the inner surface. The outer
surface 308 does, however, include a longitudinally extend-
ing groove 312. The inner surface 310 and the lumen 306 both
extend substantially the entire length of the catheter 302 and
the catheter wall 304.

[0081] The lumen 306 is open at both its distal end and its
proximal end. The lumen 306 receives an elongated energy
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delivery device 314. The energy delivery device 314 is a
flexible optical fiber that delivers laser energy. At its proximal
end, the energy delivery device 314 is connected to an energy
source (not shown), which is a source of laser energy. The
energy delivery device 314 may alternatively be, for example,
a metal wire that delivers radio frequency energy. If the
energy delivery device 314 delivers radio frequency energy,
the energy source is a source of radio frequency energy. As
further alternatives, the energy delivery device 314 may con-
structed to deliver energy in the form ofhigh frequency ultra-
sound or light other than laser light, and the energy source
may be a source of energy in the form of high frequency
ultrasound or light other than laser light, respectively.

[0082] An annular, inflatable balloon 316 encircles the
catheter 302 and the catheter wall 304. The balloon 316 is
attached adjacent its radially inner surface to an annular collar
318, which also encircles the catheter 302 and the catheter
wall 304. An opening 320 is formed in the collar 318 and
receives one end of an elongated hypotube 322. The other end
of'the hypotube 322 is connected to a reservoir (not shown) of
fluid. The fluid may be a diagnostic fluid, a therapeutic fluid,
and/or a fluid to aid in the delivery of energy by, for example,
acting as a heat sink. As one example, the fluid may be a
tumescent fluid comprising saline solution combined with an
anesthetic agent, such as lidocaine. Most of the length of the
hypotube 322 is received in the groove 312 in the outer
surface 308 of the catheter wall 304. Needles 324, one of
which is shown in each of FIGS. 6 and 6 A, are spaced apart in
a circumferential array along the outer surface of the balloon
316. The needles 324 are hollow and communicate with the
interior volume 326 of the balloon 316. The needles 324 are
made of a biocompatible material, such as stainless steel,
nitinol or polytetrafluoroethylene (“PTFE”), that has suffi-
cient rigidity to penetrate a patient’s tissue. The distal tips of
the needles 324 can penetrate tissue of a vein 328 and tissue
surrounding the vein. As a result of the construction of the
needles 324 and the balloon 316, fluid may flow from the fluid
reservoir (not shown), through the hypotube 322, into the
interior volume 326 of the balloon, and then out of the distal
tips of the needles.

[0083] In use, the catheter assembly 300 is inserted into a
patient’s vein 328. The balloon 316 and collar 318 are dis-
posed adjacent the distal end of the catheter 302. The balloon
316 is in a deflated condition, as shown in solid lines in FIGS.
6 and 6A, with the needles 324 pointed in a radially inward
direction into the interior volume 326 of the balloon. When
the needles 324 are disposed adjacent the most distal portion
of the vein 328 to be treated, tumescent fluid is introduced
under pressure into the hypotube 322. The pressurized tumes-
cent fluid flows into the interior volume 326 of the balloon
316 and inflates the balloon. As the balloon 316 inflates, the
needles 244 are inverted so as to point radially outward and
are brought into contact with the tissue of the vein 328. As the
balloon 316 continues to inflate, the needles 324 are pressed
radially outward into adjacent tissue, which will include both
the tissue of the vein 328 and tissue surrounding the vein. As
the needles 324 are penetrating the adjacent tissue, the pres-
sured tumescent fluid is introduced into the tissue through the
needles.

[0084] After a predetermined amount of fluid has been
introduced into the tissue adjacent the distal end of the cath-
eter 302, the user of the catheter assembly 300 can move the
balloon 316 along the catheter to the next position at which
fluid will be introduced into the adjacent tissue. To move the
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balloon 316 toward the proximal end (not shown) of the
catheter 302, the pressure in the hypotube 322 and the balloon
is reduced so that the needles 324 are withdrawn from the
adjacent tissue and, potentially, inverted to point in a radially
inward direction. After the needles 324 are appropriately
positioned, the hypotube 322 is pulled in a proximal direction
along the groove 312 in the outer surface 308 of the catheter
wall 304. The axial movement of the hypotube 322 moves the
collar 318, which is attached to the hypotube, and the balloon
316 in a direction toward the proximal end (not shown) of the
catheter 302.

[0085] When the balloon 316 and the needles 324 are dis-
posed adjacent the next most distal portion of the vein 328 to
be treated, the pressure of the tumescent fluid in the hypotube
322 is again increased to inflate the balloon and cause the
needles to point radially outward. As the balloon 316 contin-
ues to inflate, the needles 324 are pressed radially outward
into adjacent tissue. The pressured tumescent fluid is intro-
duced into the tissue through the needles 324.

[0086] Afterapredetermined amount of pressurized tumes-
cent fluid has been introduced into the adjacent tissue, the
user of the catheter assembly 300 can resume moving the
balloon 316 lengthwise toward the proximal end (not shown)
of'the catheter 15". In particular, the pressure in the hypotube
322 and the balloon is reduced so that the needles 324 are
withdrawn from the adjacent tissue and, potentially, inverted
to point in a radially inward direction. With the needles 324
appropriately positioned, the hypotube 322 is pulled in a
proximal direction along the groove 312 in the outer surface
308 of the catheter wall 304. The axial movement of the
hypotube 322 moves the collar 318, which is attached to the
hypotube, and the balloon 316 in a direction toward the proxi-
mal end (not shown) of the catheter 302.

[0087] Theuser ofthe catheter assembly 300 can repeat the
above described movements as the balloon 316 is moved
lengthwise toward the proximal end (not shown) of the cath-
eter 302 and the needles 324 are correspondingly moved to
positions that are increasingly farther from the distal end of
the lumen 60. The above described movements may be
repeated as many times as may be desired or required to
introduce fluid into a length of vascular and/or other tissue
that is selected by the user of the catheter assembly 300 either
before or after introducing the catheter assembly into the
patient’s vein 328. After fluid has been introduced into a
desired length of vascular and/or other tissue adjacent the
catheter assembly 300, the distal end of the energy delivery
device 314 is moved to a position at or beyond the distal end
of the catheter 302 and the lumen 60, if the energy delivery
device is not already in such a position.

[0088] Laser (or, alternatively, radio frequency, high fre-
quency ultrasound, or light other than laser light) energy is
then delivered by the energy delivery device 314 to the tissue
adjacent to the distal end of the energy delivery device. The
catheter 302 and the energy delivery device 314 are slowly
retracted together along the vein 328. As the catheter 302 and
the energy delivery device 314 are retracted, the energy from
the energy delivery device destroys the tissue of the vein 328.
During the foregoing treatment process, the fluid that has
previously been injected into the patient’s tissue acts as a heat
sink so that tissue around the vein 328 tends not to be affected
by heat produced by the delivery of energy via the energy
delivery device 314. The fluid also constricts the vein from
outside the vein 328 so that treatment of the vein tends to be
more effective, and anesthetic in the fluid helps numb any
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sensation of pain. As a result of the treatment process, the vein
328 collapses and is eventually absorbed by the patient’s
body.

[0089] Although the needles 11 and 11' of the catheter
assemblies 10 and 10" are illustrated in FIGS. 1-2 and 4,
respectively, and described as being received in a catheter 15
having two lumens 17 and 18, the needles 11 and 11' could
alternatively be used with and received in a catheter 15" with
a single 60, as shown in FIG. 5. Similarly, the needle 11" of
the catheter assembly 10", which is illustrated in FIG. 5 and
described as being received in a catheter 15" having a single
lumen 60, could alternatively be used with and received in a
catheter 15 with two lumens 17 and 18, as shown in FIGS. 1-2
and 4.

[0090] In addition, while the catheter assemblies 10, 10",
and 10" are expected to be held by a user so that movement of
the proximal end portion of the needle will be haptically
perceived by the user through his or her hands, the movement
could additionally or alternatively be detected via a sensor.
Connecting the output of such a sensor to a visual communi-
cation device, such a CRT, LCD, or LED display, or to an
audible communication device, such as a speaker, could pro-
vide confirmatory information to the user of the catheter
assembly 10, 10', or 10" or allow a skilled user to train or
provide remote guidance to a less skilled user who is actually
holding and manipulating the catheter assembly.

[0091] As described above, the catheter assemblies 10, 10",
10", and 200 are used in the treatment of vascular disease,
particularly varicose veins. Nonetheless, the catheter assem-
blies 10, 10", 10", and 200 could be used in the treatment of
any hollow anatomical structure. More specifically, the cath-
eter assemblies 10, 10', 10", and 200 could be used to deliver
fluid to tissue that surrounds and defines a lumen within any
body organ.

[0092] From the above description of the invention, those
skilled in the art will perceive improvements, changes and
modifications. Such improvements, changes, and/or modifi-
cations within the skill of the art are intended to be covered by
the appended claims.

Having described the invention, the following is claimed:
1. A catheter assembly comprising:

a catheter including a catheter wall and a lumen extending
lengthwise of the catheter wall, the catheter wall having
a radially inner surface and a radially outer surface, the
catheter wall including a plurality of openings that
extend through the catheter wall from the inner surface
to the outer surface, the openings communicating with
the lumen; and

an elongated hollow needle including a proximal end por-
tion and a distal end portion, the needle being movable in
the lumen to move the distal end portion between the
openings, the distal end portion being directed radially
outward so as to extend into an adjacent one of the
openings, the distal end portion having a configuration
that stores potential energy when the distal end portion is
disposed within the lumen, the potential energy being
converted to kinetic energy to produce movement of the
proximal end portion as the distal end portion moves
from the inner surface of the catheter wall across an edge
of said adjacent one of the openings, the movement of
the proximal end portion being haptically perceptible.

2. A catheter assembly according to claim 1 wherein the
configuration of the distal end portion includes a first radius of
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curvature for a first part of the distal end portion and a second
radius of curvature for a second part of the distal end portion.

3. A catheter assembly according to claim 2 wherein the
second part of the distal end portion is located distally of the
first part of the distal end portion, the second radius of cur-
vature being smaller than the first radius of curvature.

4. A catheter assembly according to claim 3 wherein the
first part of the distal end portion has a first length and the
second part of the distal end portion has a second length, the
second length being smaller than the first length.

5. A catheter assembly according to claim 3 wherein the
first radius of curvature is in a range of from about 2.5 cm to
about 10 cm, and the second radius of curvature is in a range
of from about 0.5 cm to about 5 cm.

6. A catheter assembly according to claim 1 wherein the
configuration of the distal end portion includes a first con-
figuration for a first part of the distal end portion and a second
configuration for a second part of the distal end portion, the
second configuration being a curve, the second part of the
distal end portion being located distally of the first part of the
distal end portion.

7. A catheter assembly according to claim 6 wherein the
first part of the distal end portion has a first length and the
second part of the distal end portion has a second length, the
second length being smaller than the first length.

8. A catheter assembly according to claim 1 wherein the
distal end portion of the needle extends away from a substan-
tially straight portion of the needle that has a substantially
straight central longitudinal axis, the configuration of the
distal end portion including a first part of the distal end por-
tion extending away from the substantially straight central
longitudinal axis in a first direction and a second part of the
distal end portion extending away from the substantially
straight central longitudinal axis in a second direction.

9. A catheter assembly according to claim 8 wherein the
second part of the distal end portion extends away from the
substantially straight central longitudinal axis in a curve and
is located distally of the first part of the distal end portion.

10. A catheter assembly according to claim 9 wherein the
first part of the distal end portion has a first length and the
second part of the distal end portion has a second length, the
second length being smaller than the first length.

11. A catheter assembly according to claim 1 wherein the
configuration of the distal end portion is predetermined, the
distal end portion being resiliently deflected from the prede-
termined configuration by the catheter wall so as to be resil-
iently biased to return to the predetermined configuration and
extend into said adjacent one of the openings.

12. A catheter assembly according to claim 1 wherein the
catheter has only a single lumen.

13. A method of delivering fluid to tissue surrounding a
lumen of a body organ comprising the steps of:

inserting into the lumen of the body organ a catheter assem-

bly that includes a catheter and an elongated hollow
needle with a proximal end portion and a distal end
portion, the catheter including a catheter wall and a
catheter lumen extending lengthwise of the catheter
wall, the catheter wall having a radially inner surface and
a radially outer surface, the catheter wall including a
plurality of openings that extend through the catheter
wall from the inner surface to the outer surface, the
openings communicating with the catheter lumen, the
distal end portion of the needle being directed radially
outward so as to extend into an adjacent one of the
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openings, the distal end portion having a configuration
that stores potential energy when the distal end portion is
disposed within the lumen, the potential energy being
converted to kinetic energy to produce movement of the
proximal end portion as the distal end portion moves
from the inner surface of the catheter wall across an edge
of said adjacent one of the openings, the movement of
the proximal end portion being haptically perceptible;

moving the needle in the catheter lumen so that the distal
end portion moves along the inner surface of the catheter
wall until the distal end portion of the needle is disposed
adjacent an edge of a first one of the plurality of open-
ings;

moving the distal end portion of the needle into the first one

of the plurality of openings to produce haptically per-
ceptible movement of the proximal end portion of the
needle;

extending the distal end portion of the needle into a first

portion of tissue outside of the lumen in the body organ;
introducing a fluid into the first portion of tissue through
the hollow needle;

retracting the distal end portion of the needle from the first

portion of tissue and into the catheter lumen;

moving the needle in the catheter lumen so that the distal

end portion moves along the inner surface of the catheter
wall until the distal end portion of the needle is disposed
adjacent an edge of a second one of the plurality of
openings;

moving the distal end portion of the needle into the second

one of the plurality of openings to produce haptically
perceptible movement of the proximal end portion ofthe
needle;

extending the distal end portion of the needle into a second

portion of tissue outside of the lumen in the body organ;
introducing the fluid into the second portion of tissue
through the hollow needle; and

retracting the distal end portion of the needle from the

second portion of tissue and into the catheter lumen.

14. A method according to claim 13 further comprising the
steps of (a) inserting an energy delivery device into the cath-
eter and (b) applying energy to the body organ through the
energy delivery device.

15. A method according to claim 13 wherein the steps of
moving the needle in the catheter lumen, moving the distal
end portion of the needle, introducing fluid into tissue, and
retracting the distal end portion of the needle are repeated for
each of a predetermined number of openings.

16. A method according to claim 13 wherein the configu-
ration of the distal end portion of the needle includes a first
radius of curvature for a first part of the distal end portion and
a second radius of curvature for a second part of the distal end
portion.

17. A method according to claim 16 wherein the second
part of the distal end portion is located distally of the first part
of'the distal end portion, the second radius of curvature being
smaller than the first radius of curvature.

18. A method according to claim 17 wherein the first part of
the distal end portion has a first length and the second part of
the distal end portion has a second length, the second length
being smaller than the first length.

19. A method according to claim 13 wherein the distal end
portion of the needle extends away from a substantially
straight portion of the needle that has a substantially straight
central longitudinal axis, the configuration of the distal end



US 2013/0211379 Al

portion including a first part of the distal end portion extend-
ing away from the substantially straight central longitudinal
axis in a first direction and a second part of the distal end
portion extending away from the substantially straight central
longitudinal axis in a second direction.

20. A method according to claim 19 wherein the second
part of the distal end portion extends away from the substan-
tially straight central longitudinal axis in a curve and is
located distally of the first part of the distal end portion.

21. A method according to claim 20 wherein the first part of
the distal end portion has a first length and the second part of
the distal end portion has a second length, the second length
being smaller than the first length.

22. A method according to claim 13 wherein the configu-
ration of the distal end portion includes a first configuration
for a first part of the distal end portion and a second configu-
ration for a second part of the distal end portion, the second
configuration being a curve, the second part of the distal end
portion being located distally of the first part of the distal end
portion.

23. A method according to claim 22 wherein the first part of
the distal end portion has a first length and the second part of
the distal end portion has a second length, the second length
being smaller than the first length.

24. A method according to claim 13 wherein the configu-
ration ofthe distal end portion is predetermined, the distal end
portion being resiliently deflected from the predetermined
configuration by the catheter wall so as to be resiliently biased
to return to the predetermined configuration and extend into
said adjacent one of the openings.

25. A method according to claim 13 wherein the catheter
has only a single catheter lumen.

26. A method according to claim 13 wherein the method is
a method of treating a vascular disease, the body organ being
a blood vessel.
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27. A catheter assembly comprising:

a catheter including a catheter wall and a lumen extending
lengthwise of the catheter wall, the catheter wall having
a radially inner surface and a radially outer surface, the
catheter wall including a plurality of openings that
extend through the catheter wall from the inner surface
to the outer surface, the openings communicating with
the lumen; and

an elongated hollow needle including a proximal end por-
tion and a distal end portion, the needle being movable in
the lumen to move the distal end portion between the
openings, the distal end portion being directed radially
outward so as to extend into an adjacent one of the
openings, a first part of the distal end portion having a
first radius of curvature, a second part of the distal end
portion having a second radius of curvature, the second
part of the distal end portion being located distally of the
first part of the distal end portion, the second radius of
curvature being smaller than the first radius of curvature.

28. An elongated hollow needle comprising a proximal end
portion, a distal end portion, and a tubular needle wall defin-
ing a lumen, the lumen extending through the distal end
portion to an open distal end of the needle wall, the needle
wall being sharpened at its open distal end, the distal end
portion being directed radially outward, a first part of the
distal end portion having a first radius of curvature, a second
part of the distal end portion having a second radius of cur-
vature, the second part of the distal end portion being located
distally of the first part of the distal end portion, the second
radius of curvature being smaller than the first radius of
curvature.



