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Description

[0001] The present invention generally relates to the
structure of infusion devices for infusing a predetermined
reagent to lesion portions, for example, in body tissue.
An infusion device according to the preamble of claim 1
is described for example US-A-4808156.
[0002] Conventionally, medical devices such as cath-
eters have been introduced into tubular organs in the
body such as blood vessels, the alimentary canal, and
the ureters to perform various treatments, tests, and pro-
cedures, for example. More recently, treatment and pro-
cedures in which infusion devices such as infusion cath-
eters have been used to infuse a predetermined liquid
medicine into lesion portions in body tissues have been
performed (see JP 2001-104487A and JP
2001-299927A).
[0003] That is, as is well known in the art, such infusion
catheters are constituted by a tubular catheter member
into which a needle-shaped tube member made of a nar-
row tube capable of conducting a predetermined reagent
and having a sharp tip portion is inserted and disposed
in such a manner that it can move in the axial direction
of the catheter member. The catheter member of such
an infusion catheter is then inserted into a blood vessel
and pushed through the vessel until reaching the site of
a lesion in a body tissue, at which point the needle-
shaped tube member is moved longitudinally. The nee-
dle-shaped tube member is thereby passed through a tip
opening or an aperture portion provided in the tube wall
of the catheter member and the needle portion of the tip
of the needle-shaped tube member is extruded to the
outside to penetrate a lesion portion of the body tissue,
and in this state a predetermined reagent is infused into
the lesion portion through the needle-shaped tube mem-
ber.
[0004] One type of an infusion device, such as an in-
fusion catheter, has a structure in which at least three
lumens are provided inside the tubular member, these
being a needle-shaped tube member lumen into which
the needle-shaped tube member is movably inserted, a
guide wire lumen into which a guide wire is inserted, and
a balloon lumen for conducting fluid for expanding a bal-
loon that is attached to the outside of the tubular member.
[0005] In infusion devices having such a structure, it
is not possible to keep the cross sectional area of the
tubular member perpendicular to its axial direction from
becoming large. For that reason, when using such infu-
sion devices there is the concern that depending on the
site in the body to which it is to be inserted it may be
difficult to insert the tubular member into the body, even
if the tubular member has an annular profile perpendic-
ular to its axis such that it can be inserted into the body
as smoothly as possible. Moreover, there is also a con-
cern that the flow of blood may be arrested when the
tubular member has been inserted into a blood vessel,
for example.

Summary of the Invention

[0006] The present invention was arrived at in consid-
eration of the foregoing matters, and it is an object thereof
in an embodiment to provide an infusion device having
a tubular member in which at least three lumens are pro-
vided, which can be easily inserted into the body and
which allows the flow of blood through a blood vessel to
be reliably secured even if the tubular member has been
inserted into that blood vessel.
[0007] In order to solve the above problems, a primary
aspect of an embodiment of the present invention is dis-
closed in claim 1. Accordingly, there is claimed an infu-
sion device having a tubular member, made of a tube
member that can be inserted into a body, in which at least
three lumens are provided, a needle-shaped tube mem-
ber, made of a thin tube with a sharp tip, that is inserted
into any one of the three lumens inside the tubular mem-
ber such that it can be moved axially and whose sharp
tip is extruded outside through an extrusion aperture pro-
vided in the tubular member so as to infuse a reagent
(including at least one of natural or synthetic chemical
components and biological elements such as cells, tis-
sues, and biologically-derived or altered or natural com-
ponents and any other components suitable for treat-
ment), and a reagent supplier for supplying a predeter-
mined reagent into the needle-shaped tube member,
wherein when the tubular member has been inserted and
placed within a body, the tip portion of the needle-shaped
tube member is extruded from the extrusion aperture of
the tubular member and penetrated into predetermined
tissue within the body, such that a reagent that is supplied
’from the reagent supplier can be infused into that body
tissue through the needle-shaped tube member, wherein
a recessed portion extending in the axial direction is
formed in an outer circumferential surface of the tubular
member, such that a cross sectional shape of the tubular
member perpendicular to the axial direction is a shape
in which at least a portion of an outer circumference of
an annular shape has been recessed radially inward.
[0008] In other words, with the infusion device accord-
ing to an embodiment of the present invention, a re-
cessed portion is formed in the outer circumferential sur-
face of the tubular member such that the tubular member
has a cross sectional shape perpendicular to its axis in
which at least a portion of outer circumference of an an-
nular shape has been recessed radially inward. Thus,
compared to the tubular member of conventional devic-
es, in which three or more lumens are formed therein and
whose cross sectional shape perpendicular to its axis is
annular, the cross sectional area in the direction perpen-
dicular to the axis is reduced by an amount corresponding
to the recessed portion that is formed. Thus, the geomet-
rical moment of inertia is small and the tubular member
is easily bent. Consequently, the tubular member easily
follows areas within the body, such as blood vessels, into
which it is inserted. Thus, the tubular member can be
more smoothly inserted into the body than the tubular
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member of a conventional device.
[0009] Moreover, in the infusion device according to
an embodiment of the present invention, the recessed
portion formed in the outer circumferential surface of the
tubular member extends in the axial direction of the tu-
bular member. Thus, for example, when the tubular mem-
ber has been inserted into a blood vessel, the presence
of this recessed portion allows a gap through which blood
can flow to be reliably formed between the outer circum-
ferential surface of the tubular member and the inner wall
surface of the blood vessel.
[0010] Consequently, with the infusion device accord-
ing to an embodiment of the present invention described
above, the tubular member can be easily inserted into
the body, even it is internally provided with at least three
or more lumens.
[0011] To solve the technical issues discussed above,
a further aspect of an embodiment of the present inven-
tion is an infusion device having a tubular member, made
of a tube member that can be inserted into a body, in
which at least three lumens are provided, a needle-
shaped tube member, made of a thin tube with a sharp
tip, that is inserted into any one of the three lumens inside
the tubular member such that it can be moved axially and
whose sharp tip is extruded outside through an extrusion
aperture provided in the tubular member so as to infuse
a reagent, and a reagent supplier for supplying a prede-
termined reagent into the needle-shaped tube member,
wherein when the tubular member has been inserted and
placed within a body, the tip portion of the needle-shaped
tube member is extruded from the extrusion aperture of
the tubular member and penetrated into predetermined
tissue within the body, such that a reagent that is supplied
from the reagent supplier can be infused into that body
tissue through the needle-shaped tube member, wherein
the tubular member, in a cross-section perpendicular to
its axial direction, has an outer circumferential surface
made of three convex curved corner portions each posi-
tioned corresponding to apexes of a triangle that is
formed having the center points of any three lumens of
the at least three lumens serving as its apexes, and three
lateral surfaces that are curved surfaces or flat surfaces
each positioned corresponding to the bases of this trian-
gle and connecting convex curved corner portions that
are adjacent.
[0012] That is, in the infusion device according to an
embodiment of the present invention, the tubular member
has an outer circumferential surface formed only by three
convex curved corner portions and three lateral surfaces,
which are either curved surfaces or flat surfaces. Thus,
with this infusion device, the cross sectional shape per-
pendicular to the axial direction of the tubular member is
substantially triangular, having three rounded corner por-
tions and three bases constituted by straight or curved
lines. The cross sectional area perpendicular to the axial
direction of the tubular member can therefore be made
sufficiently smaller than the cross sectional area of the
tubular member of a conventional device, in which three

or more lumens are provided inside the tubular member
and its cross sectional shape perpendicular to its axis is
annular. Thus, the geometrical moment of inertia is small
and the tubular member is easily bent. The tubular mem-
ber therefore easily follows areas within the body, such
as blood vessels, into which it is inserted. Consequently,
the tubular member can be more smoothly inserted into
the body than the tubular member of a conventional de-
vice.
[0013] Moreover, in the infusion device according to
an embodiment of the present invention, the tubular
member has three lateral surfaces which are curved or
flat surfaces and which provide the three bases of the
cross section shape in the direction perpendicular to the
axis that give a substantially triangular shape. Thus, for
example, when the tubular member has been inserted
into a blood vessel, a gap that allows blood to flow there-
through can be reliably formed between these three lat-
eral surfaces and the inner wall surface of the blood ves-
sel.
[0014] Consequently, the infusion device according to
an embodiment of the present invention described above
can be easily inserted into the body even though at least
three lumens are provided within it. It also allows the flow
of blood within a blood vessel into which it has been in-
serted to be reliably secured.
[0015] It should be noted that in one preferable con-
figuration of the foregoing infusion device according to
an embodiment of the present invention, a maximum
width in the direction of extrusion of the needle-shaped
tube member from the extrusion aperture in a cross sec-
tion of the needle-shaped tube member taken perpen-
dicular to the axial direction is smaller than a maximum
width in a direction perpendicular to the direction of ex-
trusion of the needle-shaped tube member in that cross
section.
[0016] In an infusion device having this configuration,
the tubular member can be easily curved in the direction
in which the needle-shaped tube member is extruded
from the extrusion aperture. Thus, when the tubular
member has been inserted into the body, it is easily
curved along contours within the body, making insertion
of the tubular member into the body easy. Further, the
section of the tubular member with a large width, that is,
the section whose area is large, is brought into close
contact with a section in the body due to the reaction
force when the needle-shaped tube member is extruded
from the extrusion opening and penetrates body tissue,
and thus the tubular member can reliably receive and
stop the reaction force resulting from this penetration by
the needle-shaped tube member. The needle-shaped
tube member can therefore be easily and reliably ad-
vanced into body tissue.
[0017] In another favorable embodiment of the infusion
device according to an embodiment of the present inven-
tion, the front end portion of the needle-shaped tube
member in the direction of insertion into the body is small-
er in a cross section of the tubular member taken per-
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pendicular to the axial direction than in a section other
than the front end portion of the tubular member.
[0018] In an infusion device having this configuration,
the front end portion of the tubular member, whose sec-
tional area perpendicular to the axial direction has been
made small, can be provided with flexibility. Thus, the
tubular member can be safely inserted into the body with-
out damaging inner wall surfaces within the body. Fur-
thermore, reducing the cross sectional area of the tubular
member in a section perpendicular to the axial direction
in the front end portion has the added benefit that when
the tubular member has been inserted into a blood vessel
the flow of blood through that blood vessel can be favo-
rably secured.
[0019] In yet another preferable embodiment of the in-
fusion device according to an embodiment of the present
invention, the at least three lumens provided in the tubular
member include a needle-shaped tube member lumen
into which the needle-shaped tube member is inserted,
a first guide wire lumen into which a first guide wire that
is extended from a tip of the tubular member is inserted
such that it can be moved in the axial direction of the
tubular member, and a balloon lumen for supplying fluid
into a balloon that can expand and contract and that is
attached to an outside portion of the tubular member.
[0020] With an infusion device having the foregoing
configuration, even if the tubular member is inserted up
to a predetermined site within a blood vessel and the
balloon is expanded at that site, for example, the flow of
blood can be satisfactorily secured.
[0021] In a yet further preferable embodiment of the
infusion device according to an embodiment of the
present invention, the at least three lumens provided in
the tubular member include a needle-shaped tube mem-
ber lumen into which the needle-shaped tube member is
inserted, a first guide wire lumen into which a first guide
wire that is extended from a tip of the tubular member is
inserted such that it can be moved in the axial direction
of the tubular member, and a second guide wire lumen
into which a second guide wire that is extended in a di-
rection intersecting the first guide wire is inserted such
that it can be moved in the axial direction of the tubular
member, and a plane that includes the direction vector
in which the first guide wire is extended and a direction
vector in which the second guide wire is extended is sub-
stantially perpendicular to the direction in which the ex-
trusion aperture is provided.
[0022] In an infusion device having such a configura-
tion, the plane that includes the direction vector in which
the first guide wire is extended and the direction vector
in which the second guide wire is extended is substan-
tially approximate to the surface of the body tissue that
is to be penetrated. Also, the plane including direction of
extrusion of the needle-shaped tube member that is ex-
truded from the extrusion aperture of the tubular member
and the axial direction of the tubular member is substan-
tially perpendicular to the plane including the direction
vectors for the first and second guide wires. The needle-

shaped tube member can therefore be extruded from the
extrusion aperture of the tubular member in a direction
that is substantially perpendicular to the surface of the
body tissue to be penetrated. Thus, the needle portion
can be penetrated into a desired location of a lesion por-
tion of body tissue.
[0023] Furthermore, in this infusion device, most of the
reaction force that is generated as the needle-shaped
tube member is advanced into body tissue when the nee-
dle-shaped tube member is penetrated into the body tis-
sue is applied in a direction substantially perpendicular
to the surface of the body tissue, that is, a direction sub-
stantially perpendicular to the plane including the direc-
tion vector in which the first guide wire is extended and
the direction vector in which the second guide wire is
extended and which is opposite to the direction in which
the needle-shaped tube member is advanced. Thus, this
reaction force is divided between the first guide wire and
the second guide wire and is thereby sufficiently and re-
liably stopped. As a result, the needle-shaped tube mem-
ber can be very smoothly and reliably advanced into body
tissue.
[0024] Consequently, with the infusion device having
the foregoing configuration, the needle-shaped tube
member can be reliably penetrated into a predetermined
site of body tissue up to a desired depth, even if the body
tissue that penetrates is relatively hard. As a result, a
greater effect with treatment or procedures in which a
predetermined liquid medicine is infused into a lesion por-
tion can be attained.
[0025] It should be noted that strictly speaking, "sub-
stantially perpendicular" here is used taking into account
that there may be cases in which the needle-shaped tube
member is not extruded perpendicular to a portion of the
surface of the body tissue due to the fact that in practice,
the surface of body tissue has a complex shape. In other
words, in an embodiment of the present invention, the
state of the plane including the direction vector in which
the first guide wire is extended and the direction vector
in which the second guide wire is extended being sub-
stantially perpendicular to the direction in which the ex-
trusion aperture is provided also includes the state of that
plane intersecting the direction in which the extrusion ap-
erture is provided at an angle that is approximate to a
right angle.
[0026] Further, in the infusion device, if the first guide
wire and the second guide wire are inserted into the first
guide wire lumen and the second guide wire lumen, re-
spectively, then, preferably, the first guide wire lumen
and the second guide wire lumen are provided within the
tubular member such that the plane including the central
axis of the first guide wire lumen and the central axis of
the second guide wire lumen is perpendicular to the di-
rection in which the extrusion aperture is provided.
[0027] In an infusion device having such a configura-
tion, the needle-shaped tube member can be more reli-
ably extruded from the extrusion aperture of the tubular
member in a direction that is substantially perpendicular
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to the plane including the direction of extension of the
first guide wire and the direction of extension of the sec-
ond guide wire. Thus, most of the reaction force that is
generated when the needle portion is advanced into body
tissue is more adequately and reliably received and
stopped by the first guide wire and the second guide wire.
As a result, the needle portion can be even more smooth-
ly and reliably advanced into body tissue.
[0028] Further, in an infusion device having a structure
in which the first and the second guide wires are inserted
into first and second guide wire lumens as described
above, it is preferable that the first guide wire lumen and
the second guide wire lumen are provided within the tu-
bular member such that they are disposed on either side
of the needle-shaped tube member and sandwich it be-
tween them, and that their central axes are located on
the same plane as the central axis of the needle-shaped
tube member lumen.
[0029] By adopting such a configuration, the distance
between the first and the second guide wire lumens can
be made as large as possible, and the distance between
the first and the second guide wires that are extended
outward from the first and the second guide wire lumens
can also be made large. As a result, most of the reaction
force that is generated when the needle portion is ad-
vanced into body tissue is more adequately and reliably
received by the first guide wire and the second guide wire.
[0030] Yet further, in the infusion device according to
an embodiment of the present invention, if a structure in
which the first guide wire and the second guide wire are
inserted into the first guide wire lumen and the second
guide wire lumen is adopted, then it is preferable that a
balloon that can be expanded and contracted is attached
to the outside of the tubular member, and that a balloon
lumen for conducting for expanding the balloon is further
provided within the tubular member.
[0031] If such a configuration is adopted, then by ex-
panding the balloon the tubular member can be easily
fastened to a predetermined site in the body. This allows
the needle-shaped tube member to more reliably pene-
trate a predetermined location in body tissue up to a de-
sired depth.
[0032] Also, if a balloon and a balloon lumen are pro-
vided outside and inside the tubular member as de-
scribed above, then the four lumens are preferably pro-
vided within the tubular member such that the plane that
includes the central axes of the first guide wire lumen
and the second guide wire lumen and the plane that in-
cludes the central axes of the needle-shaped tube mem-
ber lumen and the balloon lumen are positioned perpen-
dicular to one another. The four lumens are thus disposed
well balanced within the tubular member. As a result,
tasks in which an infusion device having such a tubular
member is employed can be carried out more smoothly.
[0033] Further, in the infusion device according to an
embodiment of the present invention, if a structure in
which a balloon and a balloon lumen are provided outside
and inside the tubular member is adopted, then it is pref-

erable that the balloon lumen and the needle-shaped
tube member lumen are provided within the tubular mem-
ber such that the center of the extrusion aperture is lo-
cated on a plane that includes their central axes. By doing
this, the balloon lumen is disposed with greater balance
within the tubular member. Thus, tasks in which the in-
fusion device is employed can be carried out more
smoothly.
[0034] In another embodiment, the present invention
provides an infusion device, comprising: (i) a tubular
member, made of a tube member that can be inserted
into a body, in which at least three lumens are provided;
(ii) a needle-shaped tube member, made of a thin tube
with a sharp tip, that is inserted into one of the three
lumens inside the tubular member such that it can be
moved axially, and whose tip is extruded outside through
an extrusion aperture provided in the tubular member so
as to infuse liquid medicine; and (iii) a recessed portion
formed in an outer circumferential surface of the tubular
member and extending in the axial direction thereof, such
that a cross sectional shape of the tubular member per-
pendicular to the axial direction is a shape in which at
least a portion of the outer circumference of an annular
cross section has been recessed radially inward.
[0035] Further, in another embodiment, the present in-
vention provides an infusion device, comprising: (i) a tu-
bular member configured to be inserted into a body, hav-
ing at least three lumens extending in its axial direction
and an extrusion aperture provided on a side wall of the
tubular member, one of said lumens leading to the ex-
trusion aperture, said tubular member having a cross
section perpendicular to the axial direction; and (ii) a nee-
dle-shaped tube member with a sharp tip, that is inserted
into said one of the lumens and is movable axially, said
tip being extruded outside through the extrusion aperture
for infusing a reagent, wherein the cross section has an
outer periphery formed from an imaginary circle by mov-
ing inward a portion of the circle corresponding to at least
one side of an imaginary polygon, where the imaginary
polygon having apexes is defined by the center points of
the lumens and has sides each connecting two adjacent
apexes, and the imaginary circle has a smallest diameter
for fitting the cross section inside, wherein the imaginary
polygon is fitted therein. The outer periphery may be com-
posed of concave, convex, and/or straight lines. Any
combination can be adopted in view of flexibility, rigidity,
and a function of allowing for blood flow. The lumens
need to be formed with a material having a thickness for
sufficient mechanical strength, whereas a portion apart
from the lumens can be thin. The above embodiment
further includes, but is not limited to, the following addi-
tional embodiments:
[0036] The at least three lumens may be three lumens
at the front end portion and four lumens at a rear end
portion opposite to the front end portion.
[0037] The four lumens may include a first guide wire
lumen into which a first guide wire that is extended from
a tip of the tubular member is inserted and movable ax-
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ially, and a second guide wire lumen into which a second
guide wire that is extended from an opening provided on
a side wall in a different direction from the first guide wire
is inserted an movable axially, wherein the second guide
wire lumen ends at the opening, and the tubular member
has a smaller cross sectional area perpendicular to the
axial direction between the tip and the opening than a
cross sectional area perpendicular to the axial direction
between opening and the rear end.
[0038] The first guide wire extending from the tip and
the second guide wire extending may from the opening
form a plane perpendicular to the direction of extrusion
of the needle-shaped tube member from the extrusion
aperture.
[0039] The cross sectional area between the tip and
the opening may be such that the closer the distance to
the tip, the smaller the area becomes.
[0040] The infusion device may further comprise a bal-
loon attached to an outside portion of the tubular member,
wherein one of the at least three lumens is a balloon
lumen for conducting fluid for expanding the balloon,
wherein a plane that includes the central axes of the first
guide wire lumen and the second guide wire lumen, and
a plane that includes the central axes of the needle-
shaped tube member lumen and the balloon lumen, are
disposed perpendicular to one another.
[0041] A center of the extrusion aperture may be dis-
posed on the plane that includes the central axes of the
needle-shaped tube member lumen and the balloon lu-
men.
[0042] In the present invention, any element used in
an embodiment can interchangeably be used in another
embodiment as long as it is feasible.
[0043] For purposes of summarizing the invention and
the advantages achieved over the related art, certain ob-
jects and advantages of the invention have been de-
scribed above. Of course, it is to be understood that not
necessarily all such objects or advantages may be
achieved in accordance with any particular embodiment
of the invention. Thus, for example, those skilled in the
art will recognize that the invention may be embodied or
carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein with-
out necessarily achieving other objects or advantages
as may be taught or suggested herein.
[0044] Further aspects, features and advantages of
this invention will become apparent from the detailed de-
scription of the preferred embodiments which follow.

Brief Description of the Drawings

[0045] These and other features of this invention will
now be described with reference to the drawings of pre-
ferred embodiments which are intended to illustrate and
not to limit the invention.
[0046] FIG. 1 is a plan view that schematically shows
an example of a reagent infusion catheter having a struc-
ture according to the present invention.

[0047] FIG. 2 is a diagram showing a magnification of
a section taken along line II-II in FIG. 1.
[0048] FIG. 3 is a diagram that schematically repre-
sents the structure of the reagent infusion catheter, show-
ing the positions of the central axes of a needle-shaped
tube member and first and second guide wires that have
been inserted into the catheter member of the infusion
catheter shown in FIG. 1.
[0049] FIG. 4 is a diagram showing a partial magnifi-
cation of the infusion catheter shown in FIG. 1, and in-
cludes partially notched representations.
[0050] FIG. 5 is a diagram showing a magnification of
a section taken along line V-V in FIG. 1.
[0051] FIG. 6 is a diagram showing an example of how
a predetermined reagent is infused into a lesion portion
of cardiac muscle using the infusion catheter shown in
FIG. 1, and shows a state where the first guide wire and
the second guide wire have been inserted into a primary
blood vessel and a branch blood vessel on the surface
of the cardiac muscle.
[0052] FIG. 7 is a diagram showing another example
of how a predetermined reagent is infused into a lesion
portion of cardiac muscle using the infusion catheter
shown in FIG. 1, and shows a state where the needle
portion has penetrated the cardiac muscle.
[0053] FIG. 8 is a diagram that corresponds to FIG. 2
and shows another example of an infusion catheter hav-
ing a structure according to the present invention.
[0054] FIG. 9 is a diagram that corresponds to FIG. 2
and shows yet another example of an infusion catheter
having a structure according to the present invention.
[0055] FIG. 10 is a diagram that corresponds to FIG.
2 and shows a further example of an infusion catheter
having a structure according to the present invention.
[0056] FIG. 11 is a diagram that corresponds to FIG.
2 and shows a yet further example of an infusion catheter
having a structure according to the present invention.
[0057] FIG. 12 is a diagram that corresponds to FIG.
2 and shows another example of an infusion catheter
having a structure according to the present invention.

Detailed Description of the Preferred Embodiment

[0058] To make the present invention more readily ap-
parent, configurations of infusion devices according to
embodiments of the present invention are described in
detail below with reference to the drawings. However,
the present invention should not be limited to these em-
bodiments.
[0059] First, FIG. 1 and FIG. 2 schematically show a
front view and a vertical section, respectively, of an infu-
sion catheter that is employed to infuse a reagent to a
lesion portion in cardiac muscle as one embodiment of
the infusion device having the structure according to the
present invention. In FIGS. 1 and 2, reference numeral
10 denotes a catheter member made of an elongate tu-
bular member serving as the tubular member, into which
a needle-shaped tube member 12 whose tip portion is a
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sharp needle portion 11, a first guide wire 14, and a sec-
ond guide wire 16 each are inserted in such a manner
as to allow movement thereof in the axial direction.
[0060] More specifically, the catheter member 10 has
a length and a thickness over its entire length that permits
it to be inserted into a blood vessel extending from the
femoral area or the wrist area of a human body to the
heart. Further, the catheter member 10 includes a pliable
stainless steel wire buried sandwiched between cylindri-
cal inner and outer layers each made of a predetermined
resin layer. Thus, the catheter member 10 is provided
with a good balance of sufficient hardness and flexibility
that allows it to be smoothly inserted into winding blood
vessels. It should be noted that there are no particular
limitations regarding the materials providing such a cath-
eter member 10, and in addition to the above-mentioned
materials, it is also possible to suitably adopt materials
having a desired elasticity, including synthetic resin ma-
terials such as polyamide, super elastic metal alloy ma-
terials such as Ni-Ti alloys, and metallic materials such
as stainless steel.
[0061] Additionally, first through fourth lumens 18a to
18d extending contiguously in the lengthwise direction
are provided independent of one another within the cath-
eter member 10.
[0062] Of the four lumens 18a to 18d, the first and sec-
ond lumens 18a and 18b have an identical diameter that
is smaller than that of the third lumen 18c, whose lumen
diameter is the largest, and larger than that of the fourth
lumen 18d, whose lumen diameter is the smallest, and
both are disposed such that the central axis P0 of the
catheter member 10 is positioned on a plane α (indicated
by the long-short dashed line in FIG. 2) that includes their
central axes P1 and P2. The third lumen 18c is disposed
such that its central axis P3 matches the central axis P0
of the catheter member 10, and is centrally positioned
between the first lumen 18a and the second lumen 18b.
Furthermore, the fourth lumen 18d is disposed at a po-
sition where a plane β including its central axis P4 and
the central axis P3 of the third lumen 18c (shown by a
long-short dashed line in FIG. 2) is perpendicular to the
plane α that includes the central axes P1 and P2 of the
first lumen 18a and the second lumen 18b.
[0063] The catheter member 10 including the four lu-
mens 18a to 18d internally also has a tip opening 20 that
opens in the axial direction in the tip of the end portion
on the front side in the direction that the catheter member
10 is inserted into a blood vessel (the right side in FIG.
1). Moreover, an extrusion aperture 22 passing through
the catheter wall and opening laterally is provided at a
site slightly rearward of the tip in the front end portion of
the catheter member 10. The catheter member 10 is fur-
ther provided with a lateral aperture 24 that passes
through the catheter wall at a site slightly more rearward
the site where the extrusion aperture 22 is formed in the
front end portion of the catheter member 10.
[0064] As is clear from FIG. 2 and FIG. 3, which is
discussed later, of the three aperture portions 20, 22, and

24 that are provided in the front end portion of the catheter
member 10, the tip opening 20 and the lateral aperture
24 are each disposed such that their center points O1
and O2 are positioned on the plane α that includes the
central axes P1 and P2 of the first lumen 18a and the
second lumen 18b. On the other hand, the extrusion ap-
erture 22 is disposed such that its center point O3 is po-
sitioned on the plane β, which includes the central axis
P0 of the catheter member 10 and is perpendicular to the
plane α. Thus, here the lateral aperture 24 is provided in
the direction perpendicular to the direction in which the
tip opening 20 and the extrusion aperture 22 are provid-
ed.
[0065] In this manner, the tip opening 20 provided in
the front end portion of the catheter member 10 is in com-
munication with the first lumen 18a. Moreover, the lateral
aperture 24 is in communication with the second lumen
18b, and the extrusion aperture 22 is in communication
with the third lumen 18c. Thus, at the front end portion
of the catheter member 10 the first lumen 18a opens
toward the front side in the axial direction (to the right in
FIG. 1) via the tip opening 20. Also, the second lumen
18b opens laterally at a right angle to the direction in
which the first lumen 18a is provided (in FIG. 1, the di-
rection perpendicular to the paper plane) via the lateral
aperture 24. Further, the third lumen 18c opens in the
direction perpendicular to both the direction in which the
first lumen 18a is open or the direction in which the sec-
ond lumen 18b is open (downward in FIG. 1) via the ex-
trusion aperture 22.
[0066] On the other hand, three connectors 28, 30, and
32 are attached to the end portion on the rear side in
which the catheter member 10 is inserted into a blood
vessel (the left side in FIG. 1) via a branching socket 26
that branches the catheter member 10 into three. Addi-
tionally, an insertion opening 34 that passes through the
wall of the catheter member 10 and is provided in the
direction opposite the direction in which the lateral aper-
ture 24 is provided with respect to in the radial direction
of the catheter member 10 is formed a predetermined
distance in front of the site where the branching socket
26 is provided in the rear end portion of the catheter mem-
ber 10.
[0067] Then, the three connectors 28 to 32 are each
brought into communication with the second through
fourth lumens 18b to 18d, respectively, provided within
the catheter member 10. Also, the insertion aperture 34
is brought into communication with the first lumen 18a.
Thus, in the rear end portion of the catheter member 10
in the direction in which the catheter member 10 is in-
serted into a blood vessel, the first lumen 18a opens out-
ward via the insertion aperture 34, whereas the second,
third, and fourth lumens 18b to 18d open outward through
the openings of the three connectors 28 to 32.
[0068] Next, as discussed above, here the needle-
shaped tube member 12 and the first and second guide
wires 14 and 16 are each inserted into the catheter mem-
ber 10 such that they can move axially. The first guide
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wire 14 is inserted into the first lumen 18a provided within
the catheter member 10 via the insertion aperture 34,
which is provided in the wall of the rear end portion of
the catheter member 10. On the other hand, the second
guide wire 16 is inserted into the second lumen 18b pro-
vided within the catheter member 10 via the opening (rear
end opening) of the connector 28, which is attached to
the rear end portion of the catheter member 10. Further,
the needle-shaped tube member 12 is inserted into the
third lumen 18c provided within the catheter member 10
via the opening of the connector 30, which is attached to
the rear end portion of the catheter member 10.
[0069] Consequently, as is clear from FIG. 1 and FIG.
3, which illustrates the position of the central axes of the
needle-shaped tube member 12 and the guide wires 14
and 16, by moving the first guide wire 14 axially forward
within the first lumen 18a it can be extended axially for-
ward from inside the first lumen 18a on the plane α
through the tip opening 20 of the front end portion of the
catheter member 10. Also, by moving the second guide
wire 16 axially forward within the second lumen 18b it
can be extended laterally with respect to the axial direc-
tion from inside the second lumen 18b on the plane α
through the lateral aperture 24 of the front end portion of
the catheter member 10. Furthermore, by moving the
needle-shaped tube member 12 axially forward within
the third lumen 18c, the needle portion 11 of its tip can
be extruded outward on the plane β, which perpendicu-
larly intersects the plane α, through the extrusion aper-
ture 22 from inside the third lumen 18c in the direction
perpendicular to both the direction in which the first guide
wire 14 is extended and the direction in which the second
guide wire 16 is extended. It can be understood from this
description that in the present embodiment the first lumen
18a and the second lumen 18b constitute the first guide
wire lumen and the second guide wire lumen, respec-
tively, and the third lumen 18c constitutes the needle-
shaped tube member lumen.
[0070] As can be understood from FIGS. 2 to 4, the
needle-shaped tube member 12 that is inserted into the
third lumen 18c is made of a narrow tube that is overall
pliable. Also, the needle-shaped tube member 12, ex-
cluding the needle portion 11 provided in its tip, is con-
stituted by a reagent conduction duct portion 36 made of
a narrow tube that is longer than the catheter member
10 and that has a diameter of about 0.4 mm. That is, the
needle-shaped tube member 12 is a single unit consti-
tuted by the needle portion 11 and the reagent conduction
duct portion 36.
[0071] The reagent conduction duct portion 36 of the
needle-shaped tube member 12 is for example made of
a pliable synthetic resin material such as polytetrafluor-
oethylene or polyimide. On the other hand, the needle
portion 11 is made of an elastic material such as a super
elastic alloy material such as an Ni-Ti alloy or a metallic
material such as stainless steel. The reagent conduction
duct portion 36 of the needle-shaped tube member 12 is
connected to a syringe 38 serving as a reagent supply

device for supplying a predetermined reagent that is at-
tached via the connector 30.
[0072] Thus, the needle-shaped tube member 12 is
provided with sufficient flexibility and elasticity and can
be smoothly inserted into and moved axially within the
third lumen 18c of the catheter member 10 which has
been inserted into and follows curved and winding blood
vessels. Also, by moving the needle-shaped tube mem-
ber 12 axially forward within the third lumen 18c, the nee-
dle portion 11 can be extruded to the outside through the
extrusion aperture 22 of the catheter member 10 made
to penetrate cardiac muscle. Moreover, a reagent, includ-
ing cells or growth factors such as bFGF (basic Fibroblast
Growth Factor), VEGF (Vascular Endothelial Growth
Factor), HGF (Hepatocyte Growth Factor) or the like, for
regenerating nearly or substantially dead cardiac muscle
can be introduced into the reagent conduction duct por-
tion 36 through the syringe 38 and ejected to the outside
from the opening of the needle portion 11 of its tip.
[0073] As shown in FIG. 4, here the inner circumfer-
ential surface of the front end portion of the third lumen
18c that includes the opening periphery portion of the
extrusion aperture 22 serves as a guide surface 40 that
is constituted by a convex curved surface that curves
axially forward in the direction of the opening of the ex-
trusion aperture 22. The needle portion 11 of the needle-
shaped tube member 12 also has a curved shape that
corresponds to the curved shape of the guide surface
40. Thus, the needle portion 11 is slid along the guide
surface 40 in conjunction with axially forward movement
of the needle-shaped tube member 12, and due to the
guide surface 40, is smoothly guided toward the extrusion
aperture 22.
[0074] It should be noted that the curved shapes of the
guide surface 40 and the needle portion 11 can be suit-
ably determined by taking account of the rigidity of the
needle portion 11, for example. Also, there are no par-
ticular limitations regarding the size of the radius of cur-
vature of the sites of curvature in the guide surface 40 or
the needle portion 11. However, it is preferable that the
extrusion angle θ at the point of contact between the
guide surface 40 and the needle portion 11 is 45° or larger
where the curved shape of the guide surface 40 and the
curved shape of the needle portion 11 are combined while
the needle portion 11 is extruded from the extrusion ap-
erture 22.
[0075] Thus, as shown in FIG. 4, when the needle por-
tion 11 has been adequately extruded from the extrusion
aperture 22, the tip area of the needle portion 11 ap-
proaches the extrusion aperture 22 side so that it is easy
to identify the position of the needle portion 11 when ex-
truded. Moreover, it is possible to position the needle
portion 11 such that the tangent m of the needle portion
11 is perpendicular to the central axis P0 of the catheter
member 10 and the central axis P3 of the third lumen 18c
into which the needle-shaped tube member 12 is insert-
ed, at a position closer to the extrusion aperture 22. Con-
sequently, the component force of the direction in which
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the needle-shaped tube member 12 is advanced toward
cardiac muscle (of the two vectors Vv and Vh shown in
FIG. 3, the size of the vector Vv perpendicular to the
central axis P3 of the third lumen 18c) becomes large,
and thus the needle-shaped tube member 12 can be
more smoothly advanced into cardiac muscle.
[0076] Additionally, here the tip surface of the needle
portion 11; that is, an open end surface 41 in the opening
of the needle portion 11, is provided as a slanted surface
that slants in the direction in which the extrusion aperture
22 is provided toward the front of the catheter member
10, that is, as shown in FIG. 4, it is provided as a slanted
surface in which the lower side of the needle portion 11
is slanted.
[0077] A balloon 42 is provided between the areas
where the extrusion aperture 22 and the lateral aperture
24 are formed in the front end portion of the catheter
member 10. The balloon 42 is made of a pliable synthetic
resin material and has a well-known structure in which a
fluid such as physiological saline solution can be intro-
duced therein to expand the balloon 42 in the direction
in which the extrusion aperture 22 is provided, and by
discharging this fluid, the balloon can be shrunk from this
expanded state. The fourth lumen 18d opens toward the
interior of the balloon 42. Also, as is clear from FIG. 1, a
syringe 44 serving as a fluid supply device that supplies
fluid for expanding the balloon 42 is connected to the
connector 32, which is attached to the rear end portion
of the catheter member 10 and in communication with
fourth lumen 18d. It is clear from this description that in
the present embodiment, the fourth lumen 18d consti-
tutes the balloon lumen.
[0078] It should be noted that in FIGS. 1 and 4 that the
reference numeral 46 denotes a marker tube that has
been formed using a radiopaque material such as gold,
platinum, a platinum-rhodium alloy, or the like. An open
end face on one side in the axial direction of the marker
tube 46 is a slanted face, and a longest site and a shortest
site of axial length are formed in its cylindrical wall portion.
The marker tube 46 is fastened as a sleeve to the catheter
member 10, with either the longest site or the shortest
site of its cylindrical wall portion corresponding to the
position of the extrusion aperture 22 formed in the cath-
eter member 10. The tip of the marker tube 46 substan-
tially matches the tangent m of the needle-shaped tube
member 12 (needle portion 11) when the needle-shaped
tube member 12 has been extruded. Thus, when the
catheter member 10 has been inserted into a blood ves-
sel, the position of the extrusion aperture 22 and the po-
sition of the tip of the needle-shaped tube member 12
can be easily ascertained by passing X-rays through the
tip portion, the longest site, and the shortest site of the
cylindrical wall portion of the marker tube 46. It should
be noted that in the present embodiment, the shortest
site of the cylindrical wall portion of the marker tube 46
is positioned on the extrusion aperture 22 side as shown
in FIG. 4. It is also possible to attach the marker tube 46
by burying it in the catheter member 10.

[0079] Incidentally, with the infusion catheter of the
present embodiment having the above configuration, in
particular the catheter member 10 internally provided
with the four lumens 18a to 18d, these being the first
through third lumens 18a to 18c in which the first and
second guide wires 14 and 16 and the needle-shaped
tube member 12 are inserted and the fourth lumen 18d
for introducing fluid for expanding the balloon 42, has a
unique construction that is not found in conventional de-
vices.
[0080] That is, FIG. 2 shows the cross sectional shape
perpendicular to the axial direction at the rear section of
the catheter member 10 inside which the first through
fourth lumens 18a to 18d are provided. Also, FIG. 5
shows the cross sectional shape (transverse cross sec-
tion) perpendicular to the axial direction at the front sec-
tion of the catheter member 10 in which the first lumen
18a and the third and fourth lumens 18c and 18d are
provided. These two cross sectional shapes are substan-
tially triangular shapes that are different in size.
[0081] More specifically, as shown in FIG. 2, a rear
section of the catheter member 10, or in other words, a
site more rearward than the site where the lateral aper-
ture 24 is formed in the catheter member 10, in transverse
cross section has three convex curved corner portions
48, 50, and 52 respectively positioned corresponding to
the apexes Q1, Q2, and Q4 of a triangle A (shown by a
long-short dashed line in FIG. 2) that has been formed
with the central axes (center points) P1, P2, and P4 of the
first lumen 18a, the second lumen 18b, and the fourth
lumen 18d serving as its apexes, and has three lateral
faces 54, 56, and 58 positioned corresponding to the
three bases R1, R2, and R4 of this triangle A. Of the three
convex curved corner portions 48, 50, and 52, adjacent
portions are connected by the three lateral faces 54, 56,
and 58.
[0082] Thus in the infusion catheter of the present em-
bodiment, the outer circumferential surface shape of the
rear section of the catheter member 10 is substantially
triangular with rounded corner portions. That is, the trans-
verse profile of the rear section of the catheter member
10 (the sectional shape perpendicular to the axial direc-
tion) is substantially the shape of a triangle formed by
recessing three portions of an annular outer circumfer-
ence (shown by a long-short dashed line in FIG. 2),
whose center is the central axis P0 and which connects
the convex curved corner portions 48, 50, and 52, radially
inward.
[0083] Accordingly, the lateral cross sectional area of
the rear section of the catheter member 10 is smaller
than the lateral cross sectional area of conventional cath-
eters having an annular transverse profile. The three lat-
eral faces 54, 56, and 58 positioned corresponding to the
three bases R1, R2, and R4 of the transverse triangular
provide in the rear section of the catheter member 10 are
provided as recessed portions formed extending contig-
uously over the entire length in the axial direction in the
outer circumferential surface of the rear end section of
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the catheter member 10.
[0084] It should be noted that in the rear section of the
catheter member 10 having such an outer circumferential
shape, the distance X1 from the tip of the convex curved
corner portion 52 positioned on the side on which the
extrusion aperture 22 is formed to the lateral face 58 in
opposition thereto, which is the largest width in the direc-
tion of extrusion of the needle-shaped tube member 12
(down in FIG. 2), is approximately 1.5 mm. Also, the dis-
tance Y1 between the tips of the two convex curved cor-
ner portions 48 and 50 at either end of the lateral face
58, which is the largest width in the direction perpendic-
ular to the direction of extrusion of the needle-shaped
tube member 12 (the left to right direction in FIG. 2), is
approximately 2.0 mm. Thus, the width of the rear end
portion of the catheter member 10 is larger than the dis-
tance in the extrusion direction of the needle-shape tube
member 12. This makes it possible to easily bend the
catheter member 10 in the direction of extrusion of the
needle-shaped tube member 12.
[0085] Moreover, in the rear section of the catheter
member 10, of the three lateral faces 54, 56, and 58, the
lateral face 58 positioned corresponding to the base R4
that links the two apexes Q1 and Q2 corresponding to the
central axes P1 and P2 of the first lumen 18a and the
second lumen 18b, respectively, that is, the lateral face
58 extending perpendicular to the direction in which the
needle-shaped tube member 12 is extruded from the ex-
trusion aperture 22 and in opposition to the convex
curved corner portion 52, which is positioned on the side
on which the extrusion aperture 22 is formed, is a curved
surface whose curvature is small. Thus, when the needle-
shaped tube member 12 penetrates cardiac muscle, the
reaction force causes the curved lateral face 58 of the
catheter member 10 to come into contact the inner wall
surface of the blood vessel over the largest area. Also,
the two lateral faces 54 and 56 other than the lateral face
58, which is a curved surface, both have flat surfaces.
Thus, the lateral cross sectional area of the rear section
of the catheter member 10 is made as small as possible.
[0086] On the other hand, as shown in FIG. 5, the sec-
ond lumen 18b is not formed in the front section of the
catheter member 10, or in other words, the site more
forward than the site where the lateral aperture 24 is
formed in the catheter member 10. Thus, the front section
of the catheter member 10, in cross section, has three
convex curved corner portions 60, 62, and 64 respec-
tively positioned corresponding to the apexes Q1, Q3,
and Q4 of a triangle B (shown by a long-short dashed
line in FIG. 5) whose apexes are the central axes (center
points) P1, P3, and P4 of the first lumen 18a, the third
lumen 18c, and the fourth lumen 18d, and has three lat-
eral faces 66, 68, and 70 positioned corresponding to the
three bases R1, R3, and R4 of the triangle B. Of the three
convex curved corner portions 60, 62, and 64, adjacent
portions are connected by the three lateral faces 66, 68,
and 70.
[0087] Thus, the outer circumferential surface shape

of the front section of the catheter member 10 is substan-
tially the shape of a triangle whose corner portions have
been rounded. Further, the outer circumference shape
of the front section of the catheter member 10 is smaller
than that of the rear section of the catheter member 10.
In other words, the transverse profile of the front section
of the catheter member 10 is substantially the shape of
a triangle, in which an annular outer circumference
(shown by a long-short dashed line in FIG. 5) whose cent-
er is the central axis P0 and which connects the two con-
vex curved corner portions 60 and 64, is formed signifi-
cantly more recessed than the rear section of the catheter
member 10.
[0088] Accordingly, the lateral cross sectional area of
the front section of the catheter member 10 is even small-
er than the lateral sectional area of the rear section. Thus,
the geometrical moment of inertia in the front section of
the catheter member 10 is lowered, thereby increasing
the flexibility. In the front section of the catheter member
10, the three lateral faces 66, 68, and 70 positioned cor-
responding to the three bases R1, R3, and R4 of the trans-
verse triangular shape are provided as recessed portions
formed extending contiguously over the entire length in
the axial direction in the outer circumferential surface of
the front section of the catheter member 10. That is, the
lateral face 66 is smoothly connected to the lateral face
54. Also, the lateral face 68 and the lateral face 56 in
practice are the same lateral face. Moreover, the lateral
face 70 is connected to the lateral face 58.
[0089] It should be noted that in the front section of the
catheter member 10 having such an outer circumferential
shape, the distance X2 from the tip of the convex curved
corner portion 64 positioned on the side on which the
extrusion aperture 22 is formed to the lateral face 70 in
opposition thereto, which has the largest width in the di-
rection of extrusion of the needle-shaped tube member
12, is approximately 1.5 mm. Also, the distance Y2 be-
tween the tips of the convex curved corner portions 60
and 62 at either end of the lateral face 70, which is the
largest width in the direction perpendicular to the direc-
tion of extrusion of the needle-shaped tube member 12,
also is approximately 1.5 mm.
[0090] Moreover, in the front section of the catheter
member 10, of the three lateral faces 66, 68, and 70, the
lateral face 70 positioned corresponding to the base R4
that links the two apexes Q1 and Q3 that correspond to
the central axes P1 and P3 of the first lumen 18a and the
third lumen 18c, respectively, that is, the lateral face 70
in opposition to the convex curved corner portion 64 in
which the extrusion aperture 22 is formed and extending
perpendicular to the direction in which the needle-shaped
tube member 12 is extruded from the extrusion aperture
22, is a curved surface whose curvature is small. Thus,
when the needle-shaped tube member 12 penetrates
cardiac muscle, the reaction force causes the curved lat-
eral face 70 of the catheter member 10 to come into con-
tact with the inner wall surface of the blood vessel over
the largest area. Also, the two lateral faces 66 and 68
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other than the lateral face 70, which is a curved surface,
both have flat surfaces. Thus, the lateral cross sectional
area of the front section of the catheter member 10 is
made as small as possible.
[0091] A method for infusing a predetermined reagent
into a lesion portion such as nearly or substantially
necrotic cardiac muscle using the infusion catheter of the
present embodiment with the above structure is de-
scribed next.
[0092] When performing a reagent infusion treatment
using this infusion catheter, first, as shown in FIG. 6, the
first guide wire 14 is inserted into a primary blood vessel
74 on the surface of cardiac muscle 72. The second guide
wire 16, in contrast, is inserted into a branch blood vessel
76 on the surface of the cardiac muscle 72 that has
branched from the primary blood vessel 74. It should be
noted that in general the first and the second guide wires
14 and 16 are inserted into the primary blood vessel 74
and the branch blood vessel 76 by hand.
[0093] Next, the catheter member 10 is inserted into
the primary blood vessel 74 on the surface of the cardiac
muscle 72 along the first guide wire 14. While the catheter
member 10 is inserted into the primary blood vessel 74,
the position of the marker tube 46 provided on the outside
of the front end portion in the direction of insertion of the
catheter member 10 on a monitor or the like is confirmed
using radiation. That is, once the marker tube 46 has
arrived at a predetermined area of the primary blood ves-
sel 74 by threading the catheter member 10 through the
primary blood vessel 74, threading of the catheter mem-
ber 10 is temporarily halted. Then, after confirming the
position of the shortest site or the longest site of the mark-
er tube 46, the catheter member 10 is rotated about its
axis while fine tuning its axial position within the primary
blood vessel 74 in order to position the extrusion aperture
22 such that it opens toward the lesion portion at a pre-
determined position of the lesion portion of the cardiac
muscle 72 to which the reagent is to be infused.
[0094] It should be noted that as discussed above, in
the infusion catheter of the present embodiment the sec-
tion to the rear of the spot where the lateral aperture 24
is formed and the section in front of this spot in the cath-
eter member 10 both have a substantially triangular
transverse profile, and thus the lateral cross sectional
area of these sections is effectively small. It is accordingly
easy to insert the catheter member 10 into the primary
blood vessel 74.
[0095] Moreover, the lateral cross sectional area of the
front section is smaller than the lateral cross sectional
area of the rear section of the catheter member 10, and
this increases the flexibility of the front section. Thus,
damage to the inner wall surface of the primary blood
vessel 74 when inserting the catheter member 10 into
the primary blood vessel 74 can be effectively prevented.
[0096] Furthermore, the rear section of the catheter
member 10 has the lateral face 58, which is a curved
surface whose curvature is small, and the two flat lateral
faces 54 and 56. On the other hand, the front section of

the catheter member 10 also has the lateral face 70,
which is a curved surface whose curvature is small, and
the two flat lateral faces 66 and 68. For that reason, when
the catheter member 10 is inserted into the primary blood
vessel 74, a gap is formed between the lateral faces 54,
56, 58, 66, 68, and 70 and the inner wall surface of the
primary blood vessel 74. Thus, blood can reliably flow
through the gap formed between the lateral faces 54, 56,
58, 66, 68, and 70 and the inner wall surface of the pri-
mary blood vessel 74 when the catheter member 10 has
been inserted into the primary blood vessel 74.
[0097] Next, as shown in FIG. 7, once the catheter
member 10 has been positioned at the foregoing prede-
termined position within the primary blood vessel 74,
physiological saline solution or the like is introduced into
the fourth lumen 18d within the catheter member 10 from
the syringe 44, expanding the balloon 42 toward the di-
rection in which the extrusion aperture 22 opens. By do-
ing this the catheter member 10 is fixedly retained within
the primary blood vessel 74 at the lesion portion of the
cardiac muscle 72 to which the reagent is to be infused.
It should be noted that at this time the gap between the
lateral faces 54, 56, 58, 66, 68, and 70 and the inner wall
surface of the primary blood vessel 74 is secured. Thus,
even when the balloon 42 has expanded it is possible to
favorably ensure the flow of blood within the primary
blood vessel 74.
[0098] Next, the needle-shaped tube member 12 is
moved within the third lumen 18c forward in the direction
in which the catheter member 10 is inserted into the pri-
mary blood vessel 74. When the needle portion 11 of the
tip of the needle-shaped tube member 12 has arrived at
the front end portion within the third lumen 18c, the needle
portion 11 is slid along the guide surface 40 provided in
the inner circumference portion of the front end portion
of the third lumen 18c while it is smoothly advanced to-
ward the extrusion aperture 22, as shown by the long-
short dashed line in FIG. 7. Then, by further moving the
needle-shaped tube member 12 forward, the needle por-
tion 11 is extruded through the extrusion aperture 22 as
shown by the solid line in FIG. 7. The operation of ex-
truding the needle portion 11 by moving the needle-
shaped tube member 12 is carried out manually or using
a screw mechanism, for example, that is known to the
public.
[0099] It should be noted that as mentioned above, in
the infusion catheter of the present embodiment, the nee-
dle portion 11 of the needle-shaped tube member 12 is
extruded from the extrusion aperture 22 in a direction
that is substantially perpendicular to the direction in which
the first guide wire 14 and the second guide wire 16 are
extended from the tip opening 20 and the lateral aperture
24, respectively, of the catheter member 10. Also, here
the first guide wire 14 and the second guide wire 16 that
have been extended through the tip opening 20 and the
lateral aperture 24, respectively, of the catheter member
10 are inserted into the primary blood vessel 74 and the
branch blood vessel 76, respectively, running over the
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surface of the cardiac muscle 72. Thus, the plane formed
by the first and second guide wires 14 and 16 is substan-
tially approximate to the surface of the cardiac muscle 72.
[0100] Consequently, through the operation discussed
above, the needle portion 11 of the needle-shaped tube
member 12 that has been extruded from the extrusion
aperture 22 of the catheter member 10 is extruded sub-
stantially perpendicularly to the surface of the cardiac
muscle 72. Moreover, the needle portion 11, as dis-
cussed above, has a curved shape that curves in the
direction of extrusion from the extrusion aperture 22 in
the movement direction of the needle-shaped tube mem-
ber 12, and thus when it has been extruded from the
extrusion aperture 22, it is disposed such that the tangent
m of its tip region is perpendicular to the central axis P0
of the catheter member 10. It should be noted that strictly
speaking, "substantially perpendicular" here is used tak-
ing into account that there may be cases in which the
needle portion 11 is not extruded perpendicular to the
surface of the cardiac muscle 72 because, in practice,
the cardiac muscle 72 has a complex shape.
[0101] Consequently, due to this operation, the needle
portion 11 of the needle-shaped tube member 12 that
has been extruded from the extrusion aperture 22 of the
catheter member 10 is passed through a blood vessel
wall 78 of the primary blood vessel 72 and penetrates a
predetermined spot of a lesion portion of the cardiac mus-
cle 72. Then, as the needle-shaped tube member 12 is
moved forward within the catheter member 10, the nee-
dle portion 11 is advanced substantially perpendicular
with respect to the surface of the cardiac muscle 72 until
reaching a predetermined depth of the lesion portion.
[0102] When advancing the needle portion 11 into the
lesion portion, most of the reaction force with respect to
advancing the needle portion 11 into the cardiac muscle
72 in the direction opposite the direction in which the
needle portion 11 is advancing, that is, in the direction
perpendicular to the surface of the cardiac muscle 72, is
applied to the catheter member 10 via the needle portion
11. However, here the first guide wire 14 and the second
guide wire 16 are inserted into and positioned in the pri-
mary blood vessel 74 and the branch blood vessel 76 on
the surface of the cardiac muscle 72, and thus this reac-
tion force is divided between the first guide wire 14 and
the second guide wire 16 and can be adequately and
reliably received. Consequently, due to the present op-
eration, the needle portion 11 can be very smoothly and
reliably advanced to a predetermined depth of the lesion
portion of the cardiac muscle 72.
[0103] It should be noted that, as discussed above, the
rear section of the catheter member 10 is more easily
bent in the direction of extrusion of the needle-shaped
tube member 12 than in the direction perpendicular to
this direction. For that reason, when inserting the catheter
member 10 into the primary blood vessel 74, the catheter
member 10 is easily bent following the surface of the
cardiac muscle 72, making insertion of the catheter mem-
ber 10 into the primary blood vessel 74 easy. Also, when

the needle portion 11 has penetrated the lesion portion
of the cardiac muscle 72, the rear section of the catheter
member 10 is easily bent in the extrusion direction of the
needle-shaped tube member 12, allowing some of the
rear section and the area in front of that portion of the
catheter member 10 to be brought into contact with the
inner wall surface of the primary blood vessel 74 at the
lateral faces 58 and 70, which are curved large-area por-
tions, on the side opposite the extrusion direction of the
needle-shaped tube member 12.
[0104] Consequently, when the needle portion 11 of
the needle-shaped tube member 12 penetrates the lesion
portion of the cardiac muscle 72 and is advanced through
this operation, that reaction force is favorably and effi-
ciently received by the two lateral faces 58 and 70, which
are curved surfaces, of the catheter member 10 without
damaging the inner wall surface of the primary blood ves-
sel 74.
[0105] Next, movement of needle-shaped tube mem-
ber 12 is ended once the needle portion 11 has been
advanced up to a predetermined depth position of the
lesion portion of the cardiac muscle 72. A reagent includ-
ing cells or growth factor, for example, aimed at regen-
erating the cardiac muscle 72 is then introduced into the
inner lumen of the needle-shaped tube member 12 from
the syringe 44 that is connected to the connector 32 at
the proximal side of the needle-shaped tube member 12.
This reagent is then infused into the lesion portion of the
cardiac muscle 72 by ejecting it from the tip opening of
the needle portion 11.
[0106] Once the reagent has been infused to an area
of the lesion portion of the cardiac muscle 72, the needle-
shaped tube member 12 is retreated within the catheter
member 10, drawing the needle portion 11 into the cath-
eter member 10. This operation of infusing a reagent to
a lesion portion of the cardiac muscle 72 is repeated a
plurality of times at other locations, and by doing so the
reagent is infused to a plurality of areas of the lesion
portion of the cardiac muscle 72.
[0107] In this way, the infusion catheter of the present
embodiment has a catheter member 10 whose outer cir-
cumferential shape is substantially triangular with round-
ed corner portions, and as such the lateral cross sectional
area of the catheter member 10 is suitably small. Thus,
the catheter member 10 can be more smoothly and easily
inserted into the primary blood vessel 74 than if a con-
ventional infusion catheter, for example, whose a cath-
eter member 10 has an annular transverse profile, is in-
serted into the primary blood vessel 74.
[0108] Moreover, with this infusion catheter, when the
catheter member 10 has been inserted into the primary
blood vessel 74, a gap is formed between the three lateral
faces 54, 56, and 58 of the rear section thereof and the
inner wall surface of the primary blood vessel 74 and
between the three lateral faces 66, 68, and 70 of the front
section thereof and the lateral wall surface of the primary
blood vessel 74, allowing the flow of blood to be favorably
secured. Further, the front section of the catheter mem-
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ber 10 has a smaller lateral cross sectional area than its
rear section. This allows the flow of blood within the pri-
mary blood vessel 74 to be more effectively secured
when the catheter member 10 has been inserted. Con-
sequently, the task of infusing a predetermined reagent
into a lesion portion of the cardiac muscle 72 can be
carried out more safely.
[0109] With the infusion catheter of the present em-
bodiment, the needle portion 11 extruded from the extru-
sion aperture 22 of the catheter member 10 can be reli-
ably penetrated into a predetermined location of the le-
sion portion of the cardiac muscle 72. Moreover, most of
the reaction force that is generated by the needle portion
11penetrating the cardiac muscle 72 is adequately and
reliably received by the first guide wire 14 and the second
guide wire 16, which are inserted into the primary blood
vessel 74 and the branch blood vessel 76 on the surface
of the cardiac muscle 72, and thus the needle portion 11
can be very smoothly and reliably advanced up to a pre-
determined depth position of the lesion portion of the car-
diac muscle 72.
[0110] Thus, if the infusion catheter of the present em-
bodiment described above is used, then the needle por-
tion 11 can reliably penetrate the lesion portion at a pre-
determined position up to a desired depth, even if the
lesion portion of the cardiac muscle 72 is hard. As a result,
the effect of treatment or a procedure in which a prede-
termined reagent for regenerating the cardiac muscle 72
is infused into a lesion portion of the cardiac muscle 72
can be more adequately increased.
[0111] Further, with the infusion catheter of the present
embodiment, the first guide wire 14 is inserted into the
first lumen 18a from the insertion aperture 34 provided
opening laterally in the rear end portion of the catheter
member 10 and extended directly forward axially through
the tip opening 20 of the catheter member 10. Also, the
second guide wire 16 is inserted directly into the second
lumen 18b from the opening of the connector 26 attached
to the rear end portion of the catheter member 10, and
is extended laterally through the lateral aperture 24,
which is provided opening laterally, in the front end por-
tion of the catheter member 10.
[0112] Thus, with this infusion catheter, the first guide
wire 14 and the second guide wire 16 both are threaded
through the catheter member 10 bent or curved at only
one position. Consequently, there is relatively little resist-
ance to sliding the guide wires 14 and 16 through the
catheter member 10, and this allows the guide wires 14
and 16 to be threaded through the catheter member 10
more smoothly.
[0113] Furthermore, with the infusion catheter accord-
ing to the present embodiment, the third lumen 18c into
which the needle-shaped tube member 12 is inserted
and arranged is disposed such that its central axis P3
matches the central axis P0 of the catheter member 10.
Thus, the infusion catheter has good overall balance, and
accordingly the task of infusing a reagent to a lesion por-
tion of the cardiac muscle 72 can be performed more

stably.
[0114] Further, with this infusion catheter, the extru-
sion aperture 22 is arranged in such a manner that the
center point O3 of the extrusion aperture 22 through
which needle portion 11 of the needle-shaped tube mem-
ber 12 is extruded is positioned on the plane β, which is
perpendicular to the plane α including the central axis P3
of the third lumen 18c into which the needle-shaped tube
member 12 is inserted and arranged and the central axis
P0 of the catheter member 10 matching the central axis
P3, and also including the central axes P1 and P2 of the
first and second lumens 18a and 18b into which the first
and second guide wires 14 and 16 are respectively in-
serted and arranged. Thus, it provides a favorable bal-
ance in the arrangement of the needle-shape tube mem-
ber 12 in the catheter member 10 and stability during the
operation when extruding the needle portion 11 from the
extrusion aperture 22. As a result, the task of infusing a
reagent to a lesion portion of the cardiac muscle 72 can
be performed even more stably and smoothly.
[0115] Further, with the infusion catheter according to
the present embodiment, the central axes P1 and P2 of
the first and second lumens 18a and 18b into which the
first and second guide wires 14 and 16 are respectively
inserted and arranged, the central axis P3 of the third
lumen 18c into which the needle-shaped tube member
12 is inserted and arranged, and the central axis P0 of
the catheter member 10 are positioned on a single plane
α, and the first and second lumens 18a and 18b are dis-
posed on either side of the third lumen 18c and sandwich
it between them. Thus, the distance between the first
lumen 18a and the second lumen 18b is made as large
as possible, and this allows the distance between the
first guide wire 14 and the second guide wire 16, which
are extended to the outside through the tip opening 20
and the lateral aperture 24 of the catheter member 10
from the two lumens 18a and 18b, to be made large also.
As a result, most of the reaction force that is generated
when the needle portion 11 is inserted into a lesion por-
tion of the cardiac muscle 72 can be more adequately
and reliably received and stopped by the first guide wire
14 and the second guide wire 16.
[0116] With this infusion catheter, the fourth lumen 18d
for conducting fluid for expanding the balloon 42 that is
provided outside the catheter member 10 is disposed in
such a manner that its central axis P4 is positioned on
the plane β, which includes the central axis P3 of the third
lumen 18c into which the needle-shaped tube member
12 is inserted and arranged, the central axis P0 of the
catheter member 10, and the center point O3 of the ex-
trusion aperture 22. This also results in a good overall
balance of the infusion catheter, and thus the task of in-
fusing a reagent to a lesion portion of the cardiac muscle
72 can be performed more stably.
[0117] Furthermore, in the infusion catheter of the
present embodiment, the inner circumferential surface
of the front end portion of the third lumen 18c, into which
the needle-shaped tube member 12 is inserted and ar-
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ranged, serves as the guide surface 40, which is a convex
curved surface that is curved axially forward in the direc-
tion in which the extrusion aperture 22 is provided, and
the needle portion 11 of the needle-shaped tube member
12 also has a curved shaped that corresponds to the
guide surface 40. For that reason, the needle portion 11
can be smoothly and reliably extruded from the extrusion
aperture 22 in the direction perpendicular to the surface
of the cardiac muscle 72 in conjunction with forward
movement of the needle-shaped tube member 12 within
the catheter member 10. Due to this structure as well,
the task of infusing a reagent to a lesion portion of the
cardiac muscle 72 can be performed even more stably
and smoothly.
[0118] The positions where the first through fourth lu-
mens 18a to 18d provided within the catheter member
10 are arranged and the outer circumferential shape of
the catheter member 10 are not limited to the example
discussed above, however.
[0119] For example, as shown in FIG. 8, it is also pos-
sible to dispose the third lumen 18c such that its central
axis P3 is positioned shifted in the radial direction of the
catheter member 10 from the central axis P0 of the cath-
eter member 10 toward the side where the extrusion ap-
erture 22 is formed, and the first and second lumens 18a
and 18b are disposed such that the plane α including
their central axes P1 and P2 is shifted in the radial direc-
tion of the catheter member 10 from the central axis P0
of the catheter member 10 toward the side opposite the
side where the extrusion aperture 22 is formed.
[0120] In this manner it is possible to adopt a configu-
ration having an outer circumferential surface shape in
which the three lateral faces 54, 56, and 58, which are
positioned corresponding to the bases R1, R2, and R4 of
a triangle C (shown by a long-short dashed line in FIG.
8) whose apexes are the central axes (center points) P1,
P2, and P4 of the first and second lumens 18a and 18b
thus disposed and the fourth lumen 18d.
[0121] Further, as shown in FIG. 9, it is also possible
to dispose the third lumen 18c such that its central axis
P3 is positioned shifted in the radial direction of the cath-
eter member 10 from the central axis P0 of the catheter
member 10 toward the side opposite the side where the
extrusion aperture 22 is formed, and the first and second
lumens 18a and 18b are disposed such that the plane a
including their central axes P1 and P2 is shifted in the
radial direction of the catheter member 10 from the cen-
tral axis P0 of the catheter member 10 toward the side
where the extrusion aperture 22 is formed.
[0122] In this manner it is possible to adopt a configu-
ration having a substantially rectangular outer circumfer-
ential shape provided with four convex curved corner por-
tions 48, 50, 52, and 53 positioned corresponding to the
apexes Q1 to Q4 of a rectangle D (shown by a long-short
dashed line in FIG. 9) whose apexes are the central axes
(center points) P1 to P4 of the first through fourth lumens
18a and 18d disposed in this manner, and four flat lateral
faces 54, 56, 58, and 59 that are positioned correspond-

ing to the bases R1 to R4 of the rectangle D and connect
the four convex curved corner portions 48, 50, 52, and 53.
[0123] In the two embodiments having the structures
shown in FIG. 8 and FIG. 9, the transverse profile of the
catheter member 10 is smaller than an annular shape
(shown by a long-short dashed line in FIG. 8 and FIG. 9)
whose center is the central axis P0 and whose radius is
the apex of the convex curved corner portion farthest
from the central axis P0. Also, the lateral faces 54, 56,
58, and 59 of the catheter member 10 are provided as
recessed portions extending contiguously over the entire
length in the axial direction in the outer circumferential
surface of the catheter member 10. Furthermore, the
needle portion 11 of the needle-shaped tube member 12
can be extruded in the direction perpendicular to the di-
rection of extrusion of the first guide wire 14 and the sec-
ond guide wire 16. Consequently, the same operations
and effects as in the first embodiment can be obtained
effectively with the second and third embodiments as
well.
[0124] Further, as shown in FIG. 10, the third lumen
18c is disposed coaxially with the catheter member 10,
whereas the first lumen 18a is disposed such that its cen-
tral axis P1 is positioned on the side opposite the side on
which the center point O3 of the extrusion aperture 22 is
provided, sandwiching the central axis P3 of the third lu-
men 18c between them, on a plane β including the central
axis P3 of the third lumen 18c, the central axis P0 of the
catheter member 10, and the center point O3 of the ex-
trusion aperture 22. Moreover, the second lumen 18b is
disposed such that its central axis P2 is positioned on a
plane α, which includes the central axis P3 of the third
lumen 18c and the central axis P0 of the catheter member
10 and which is perpendicular to the plane β.
[0125] In this manner it is possible to achieve a con-
figuration having an outer circumferential shape provided
with the three lateral faces 54, 56, and 58, which are
positioned corresponding to the bases R1, R2, and R4 of
a triangle E (shown by a long-short dashed line in FIG.
10) whose apexes are the central axes (center points)
P1, P2, and P4 of the first and second lumens 18a and
18b thus disposed and the fourth lumen 18d.
[0126] Further, as shown in FIG. 11, it is also possible
to arrange the first, second, and third lumens 18a to 18c
such that their respective central axes (center points) P1
to P3 are positioned on a plane β, which includes the
central axis P0 of the catheter member 10 and the center
point O3 of the extrusion aperture 22. Also, the fourth
lumen 18d can be disposed at a position that is different
from the positions where it is disposed in the first through
third embodiments.
[0127] In this manner, it is possible to adopt a config-
uration having an outer circumferential shape provided
with three lateral faces 54, 58, and 59, which are posi-
tioned corresponding to the bases R1, R3, and R4 of a
triangle F (shown by a long-short dashed line in FIG. 11)
whose apexes are the central axes (center points) P1,
P3, and P4 of the first lumen 18a, the third lumen 18c,
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and the fourth lumen 18d disposed in this manner, and
in which of these lateral faces, the two lateral faces 58
and 59 are concave curved surfaces.
[0128] In the two embodiments having the structures
shown in FIG. 10 and FIG. 11, the transverse profile of
the catheter member 10 is smaller than an annular shape
(shown by a long-short dashed line in FIG. 10 and FIG.
11) whose center is the central axis P0 and whose radius
is the apex of the convex curved corner portion farthest
from the central axis P0. Also, the lateral faces 54, 56,
58, and 59 of the catheter member 10 are provided as
recessed portions extending contiguously over the entire
length in the axial direction in the outer circumferential
surface of the catheter member 10. Thus, the catheter
member 10 can be easily inserted into the primary blood
vessel 74, and while inserted therein, the flow of blood
through the primary blood vessel 74 can be favorably
secured.
[0129] In these two embodiments the first lumen 18a
and the second lumen 18b are displaced and parallel to
one another, and have a deviation d in the radial direction
of the catheter member 10 between the positions where
their respective central axes P1 and P2 are disposed.
This deviation d, however, it is a very short length, and
is smaller than the radius of the catheter member 10. For
that reason, there is substantially no difference in the
points of intersection between the extension direction
vectors of the first and second guide wires 14 and 16
inserted and arranged in the first and second lumens 18a
and 18b, respectively, and thus the needle-shaped tube
member 12 is substantially extruded in the plane includ-
ing these direction vectors. Consequently, this tiny devi-
ation d has hardly any effect.
[0130] Thus, in the fourth and fifth embodiments de-
scribed above, the needle portion 11 of the needle-
shaped tube member 12 can be extruded in a direction
that is substantially perpendicular to the direction in which
the first and the second guide wires 14 and 16 are ex-
truded. The same operations and effects as in the first
embodiment can therefore be obtained effectively with
the fourth and fifth embodiments as well.
[0131] Specific configurations of the present invention
have been described in detail above, but these are only
illustrative examples, and the present invention is in no
way restricted by the foregoing description.
[0132] For example, there is no limitation to the number
indicated in the foregoing embodiments regarding the
convex curved corner portions or the lateral faces pro-
viding the outer circumferential surface of the catheter
member 10. That is, as shown in FIG. 12, it is also pos-
sible to adopt a configuration in which the outer circum-
ferential surface is constituted by the two lateral faces of
a substantially semi-annular lateral face 80 and a lateral
face 82 made of a convex curved surface with small cur-
vature, and two convex curved corner portions 84 and
86. It is of course also possible to achieve the catheter
member 10 using an outer circumferential shape having
five or more lateral faces or convex curved corner por-

tions.
[0133] As long as concave portions extending axially
are formed in the outer circumferential surface of the
catheter member 10 such that the sectional shape of the
catheter member 10 perpendicular to its axial direction
is a shape in which at least a portion of the outer circum-
ference of an annular shape has been recessed radially,
then the outer circumferential shape of the catheter mem-
ber 10 is not absolutely limited to the configurations that
have been provided for illustration.
[0134] Also, it is not absolutely necessary that the re-
cessed portions formed in the outer circumferential sur-
face of the catheter member 10 are formed extending
contiguously over the entire length of the catheter mem-
ber 10. Thus, for example, it is of course also possible
to adopt a configuration in which recessed portions are
formed intermittently over the entire length of the outer
circumferential surface of the catheter member 10, or a
configuration in which, in the catheter member 10, re-
cessed portions are not provided in the outer circumfer-
ential surface of portions that are not inserted into the
body.
[0135] Moreover, it is only necessary that any three of
the first through fourth lumens 18a to 18d are formed
within the catheter member 10.
[0136] Furthermore, there is nothing preventing the
adoption of a shape in which the guide surface 40 made
of a convex curved surface is formed in the inner circum-
ferential surface of the front end portion of the third lumen
18 but the needle portion 11 is provided with a straight
shape.
[0137] Also, in the above embodiments, the open end
surface 41 of the needle portion 11 is a slanted surface
that is slanted in the extrusion direction of the needle
portion 11 toward the direction in which the needle-
shaped tube member 12 moves when the needle portion
11 is extruded from the extrusion aperture 22 (in FIG. 1,
the lower side of the needle portion 11 is the slanted
surface). However, alternatively it is also possible to pro-
vide the open end surface 41 as a slanted surface that
is slanted in the extrusion direction of the needle portion
11 toward the direction that is opposite the direction in
which the needle-shaped tube member 12 is moved
when the needle portion 11 is extruded from the extrusion
aperture 22 (in FIG. 1, the upper side of the needle portion
11 is the slanted surface). It should be noted that with
the configuration of the present embodiment (in which
the open end surface 41 is a slanted surface on the lower
side of the needle portion 11 in FIG. 1), damage to or
destruction of the inner circumferential surface of the third
lumen 18c due to contact with the needle portion 11 when
the needle portion 11 is moved within the third lumen 18c
in conjunction with movement of the needle-shaped tube
member 12 can be effectively prevented.
[0138] Furthermore, the balloon 42 that is provided
outside the catheter member 10 is not essential to an
embodiment of the present invention, and thus it is pos-
sible to omit the balloon 42. Even if the balloon 42 is
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provided outside the catheter member 10, the position
where it is arranged is not limited to the foregoing em-
bodiments.
[0139] In the foregoing embodiments, the needle por-
tion 11 of the needle-shaped tube member 12 has a
curved shape and the inner circumferential surface of the
front end portion of the third lumen 18c is the guide sur-
face 40, which is a convex curved surface, but the same
effects can be achieved even if the needle portion 11 of
the needle-shaped tube member 12 has a shape where
it is extended straight.
[0140] Furthermore, the foregoing embodiments show
specific examples in which the present invention is adopt-
ed for an infusion catheter for infusing a reagent to a
lesion portion of cardiac muscle. The present invention,
however, can of course also be favorably adopted in an
embodiment for infusion catheters for infusing a reagent
into body tissue other than cardiac muscle and infusion
devices that are for infusing a reagent to lesion portions
of cardiac muscle or body tissues other than cardiac mus-
cle but that do fit within the scope of catheters.
[0141] As can be understood from the above descrip-
tion, the infusion device according to an embodiment of
the present invention can be easily inserted into the body
even though at least three lumens are provided within it.
Also, even if the device is inserted into a blood vessel,
the flow of blood within that blood vessel can be reliably
ensured.

Claims

1. An infusion device, comprising:

a tubular member, made of a tube member that
can be inserted into a body, in which at least
three lumens are provided,
a recessed portion formed in an outer circum-
ferential surface of the tubular member and ex-
tending in an axial direction thereof, such that a
cross sectional shape of the tubular member
perpendicular to the axial direction is a shape in
which at least a portion of the outer circumfer-
ence of an annular cross section has been re-
cessed radially inward; and

characterized by a needle-shaped tube member
(12), made of a thin tube with a sharp tip, that is
inserted into one of the three lumens inside the tu-
bular member such that it can be moved axially, and
whose tip is extruded outside through an extrusion
aperture (22) passing through a wall of the tubular
member and opening laterally, which is provided in
the tubular member so as to infuse a reagent.

2. The infusion device according to claim1, wherein:

a) the needle-shaped tube member (12) can be

connected to a reagent supply device that sup-
plies a reagent into the needle- shaped tube
member,
b) a maximum width of the tubular member in
[deletion(s)] a direction of extrusion of the nee-
dle-shaped tube member (12) from the extrusion
aperture in a cross section of the tubular mem-
ber taken perpendicular to its axis is smaller than
a maximum width of the tubular member in a
direction perpendicular to the direction of extru-
sion of the needle-shaped tube member (12) in
that cross section,
c) a front end portion in a direction of insertion
into the body of the tubular member is smaller
in a cross section of the tubular member taken
perpendicular to the axial direction than in an
area other than the front end portion of the tu-
bular member; or
d) the three lumens include a needle-shaped
tube member lumen into which the needle-
shaped tube member (12) is inserted, a first
guide wire lumen into which a first guide wire
that is extended from a tip of the tubular member
is inserted such that it can move in the axial di-
rection of the tubular member, and a balloon lu-
men for supplying fluid into a balloon that can
expand and contract and that is attached to an
outside portion of the tubular member.

3. The infusion device according to claim1, wherein the
three lumens include:

a needle-shaped tube member lumen into which
the needle-shaped tube member (12) is insert-
ed;
a first guide wire lumen into which a first guide
wire that is extended from a tip of the tubular
member is inserted in such a manner that it can
be moved in the axial direction of the tubular
member; and
a second guide wire lumen into which a second
guide wire that is extended in a direction inter-
secting the first guide wire is inserted.

4. The infusion device according to claim 3, wherein:

a) a plane that includes a central axis of the first
guide wire lumen and a central axis of the sec-
ond guide wire lumen is disposed such that it is
perpendicular to [deletion(s)] a direction in
which the extrusion aperture is formed,
b) the first guide wire lumen and the second
guide wire lumen are disposed on respective
sides of the needle-shaped tube member lumen
and sandwich the needle shaped tube member
lumen therebetween, and central axes of the
three lumens are disposed on a same plane, or
c) a balloon (42) that can expand and contract
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is attached to an outside portion of the tubular
member; and wherein a balloon lumen for con-
ducting fluid for expanding the balloon is provid-
ed within the tubular member, preferably where-
in:

i. a plane that includes central axes of the
first guide wire lumen and the second guide
wire lumen, and a plane that includes cen-
tral axes of the needle-shaped tube mem-
ber lumen and the balloon lumen, are dis-
posed perpendicular to one another; or
ii. a center of the extrusion aperture is dis-
posed on a plane that includes central axes
of the needle-shaped tube member lumen
and the balloon lumen.

5. The infusion device according to claim 1, further
comprising:

convex curved corner portions formed in an out-
er circumference of the tubular member, which
in a cross section perpendicular to the axial di-
rection of the tubular member correspond to
apexes of a triangle that is formed having center
points of any three lumens of the at least three
lumens as apexes; and
curved surfaces or flat surfaces formed in the
outer circumference of the tubular member,
which connect the adjacent convex curved cor-
ner portions.

6. The infusion device according to claim 5, wherein:

a) a maximum width of the tubular member in a
direction of extrusion of the needle-shaped tube
member (12) from the extrusion aperture in a
cross section of the tubular member taken per-
pendicular to its axial direction is smaller than a
maximum width of the tubular member in a di-
rection perpendicular to the direction of extru-
sion of the needle-shaped tubular member (12)
in that cross section; or
b) the three lumens include a needle-shaped
tube member lumen into which the needle-
shaped tube member is inserted, a first guide
wire lumen into which a first guide wire that is
extended from a tip of the tubular member is
inserted in such a manner that it can be moved
in the axial direction of the tubular member, and
a second guide wire lumen into which a second
guide wire that is extended in a direction inter-
secting the first guide wire is inserted, preferably
wherein:

i. a plane that includes a central axis of the
first guide wire lumen and a central axis of
the second guide wire lumen is disposed

perpendicular to a direction in which the ex-
trusion aperture is formed; or
ii. the first guide wire lumen and the second
guide wire lumen are disposed on respec-
tive sides of the needle-shaped tube mem-
ber lumen and sandwich the needle-shaped
tube member lumen therebetween, and the
central axes of the three lumens are dis-
posed on a same plane.

7. The infusion device according to claim 1, wherein
the at least three lumens extend in its axial direction
and the extrusion aperture is provided on a side wall
of the tubular member, one of said lumens lead to
the extrusion aperture, said tubular member has a
cross section perpendicular to the axial direction,
and the cross section has an outer periphery formed
from an imaginary circle by moving inward a portion
of the circle corresponding to at least one side of an
imaginary polygon, where the imaginary polygon
having apexes is defined by center points of the lu-
mens and has sides each connecting two adjacent
apexes, and the imaginary circle has a smallest di-
ameter for fitting the cross section inside, wherein
the imaginary polygon is fitted therein.

8. The infusion device according to claim 7, wherein:

a) a maximum width of the tubular member in a
direction of extrusion of the needle-shaped tube
member (12) from the extrusion aperture is
smaller than a maximum width of tubular mem-
ber in a direction perpendicular to the direction
of extrusion of the needle-shaped tube member
(12),
b) the device further comprises a balloon at-
tached to an outside portion of the tubular mem-
ber, wherein one of the at least three lumens is
a balloon lumen for conducting fluid for expand-
ing the balloon, wherein preferably a center of
the extrusion aperture is disposed on a plane
that includes central axes of the needle-shaped
tube member lumen and the balloon lumen; or
c) a front end portion in [deletion(s)] a direction
of insertion into the body of the tubular member
has a lateral cross sectional area taken perpen-
dicular to the axial direction, which is smaller
than a lateral cross sectional area of a portion
other than the front end portion of the tubular
member, preferably the at least three lumens
are three lumens at the front end portion and
four lumens at a rear end portion opposite to the
front end portion, more preferably the four lu-
mens includes a first guide wire lumen into which
a first guide wire that is extended from a tip of
the tubular member is inserted and movable ax-
ially, and a second guide wire lumen into which
a second guide wire that is extended from an
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opening provided on a side wall in a different
direction from the first guide wire is inserted and
movable axially, wherein the second guide wire
lumen ends at the opening, and the front end
portion of the tubular member, which has a
smaller cross sectional area from the tip to the
opening, most preferably wherein:

i. the first guide wire extending from the tip
and the second guide wire extending from
the opening form a plane perpendicular to
a direction of extrusion of the needle-
shaped tube member (12) from the extru-
sion aperture,
ii. the cross sectional area between the tip
and the opening is such that the closer the
distance to the tip, the smaller the area be-
comes; or
iii. the device further comprises a balloon
attached to an outside portion of the tubular
member, wherein one of the at least three
lumens is a balloon lumen for conducting
fluid for expanding the balloon, wherein a
plane that includes central axes of the first
guide wire lumen and the second guide wire
lumen, and a plane that includes central ax-
es of the needle-shaped tube member lu-
men and the balloon lumen, are disposed
perpendicular to one another.

9. The infusion device according to claim 1 further com-
prising:

a reagent supplier for supplying a predeter-
mined reagent into the needle- shaped tube
member (12);

wherein with the tubular member inserted and placed
within a body, [deletion(s)] a tip portion of the nee-
dle-shaped tube member (12) is extruded from the
extrusion aperture of the tubular member and pen-
etrated into predetermined tissue within the body,
such that a reagent supplied from the reagent sup-
plier can be infused into that body tissue through the
needle-shaped tube member.

10. The infusion device according to claim 9, wherein
the tubular member, in a cross section perpendicular
to its axis, has an outer circumferential surface made
of three convex curved corner portions each posi-
tioned corresponding to apexes of a triangle that is
formed having center points of any three lumens of
the at least three lumens serving as its apexes, and
three lateral surfaces that are curved surfaces or flat
surfaces each positioned corresponding to bases of
this triangle and connecting the convex curved cor-
ner portions that are adjacent.

Patentansprüche

1. Infusionsgerät, welches umfasst:

ein röhrenförmiges Teil, welches aus einem
Rohrteil, das in einen Körper eingeführt werden
kann, gefertigt ist und in welchem mindestens
drei Hohlräume vorhanden sind,
einen vertieften Bereich, welcher in der äußeren
umfänglichen Oberfläche des röhrenförmigen
Teils ausgebildet ist und sich in dessen axialer
Richtung dergestalt erstreckt, dass die Quer-
schnittsform des röhrenförmigen Teils im rech-
ten Winkel zur axialen Richtung eine solche
Form ist, bei welcher mindestens ein Teil des
Außenumfangs des ringförmigen Querschnitts
radial nach innen vertieft ist; und
gekennzeichnet ist durch ein nadelförmiges
Rohrteil (12), welches aus einem dünnen Rohr
gefertigt ist mit einer scharfen Spitze und wel-
ches in einen von drei Hohlräumen im Innern
des röhrenförmigen Teils dergestalt eingeführt
ist, dass es in axialer Richtung bewegt werden
kann und dessen Spitze durch eine in dem röh-
renförmigen Teil vorhandene Austrittsöffnung
(22), welche durch eine Wand des röhrenför-
migen Teils führt und seitlich öffnet, nach außen
gedrückt wird, so dass die Infusion eines Rea-
gens durchgeführt werden kann.

2. Infusionsgerät nach Anspruch 1, bei welchem:

a) das nadelförmige Rohrteil (12) mit einem
Reagenzienzuführgerät, welches dem nadelför-
migen Rohrteil ein Reagens zuführt, verbunden
werden kann,
b) eine maximale Breite des röhrenförmigen
Teils in eine Richtung des Austretens des na-
delförmigen Rohrteils (12) aus der Austrittsöff-
nung im Querschnitt des röhrenförmigen Teils
rechtwinklig zu seiner Achse kleiner ist als die
maximale Breite des röhrenförmigen Teils in der
Richtung rechtwinklig zur Richtung des Austre-
tens des nadelförmigen Rohrteils (12) in diesem
Querschnitt,
c) der vordere Endbereich in eine Richtung der
Einführung des röhrenförmigen Teils in den Kör-
per im Querschnitt des röhrenförmigen Teils
rechtwinklig zur axialen Richtung kleiner ist als
in einem Bereich außerhalb des vorderen End-
bereichs des röhrenförmigen Teils; oder
d) die drei Hohlräume umfassen: einen Hohl-
raum für das nadelförmige Rohrteil, in welchen
das nadelförmige Rohrteil (12) eingeführt wird,
einen Hohlraum für einen ersten Führungsdraht,
in welchen ein erster Führungsdraht, der sich
von der Spitze des röhrenförmigen Teils aus er-
streckt, dergestalt eingeführt wird, dass er sich
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in dem röhrenförmigen Teil in axialer Richtung
bewegen kann, und einen Ballonhohlraum
zwecks Zuführung von Flüssigkeit in den Ballon,
der sich ausdehnen und zusammenziehen kann
und der am Außenbereich des röhrenförmigen
Teils angebracht ist.

3. Infusionsgerät nach Anspruch 1, bei welchem die
drei Hohlräume enthalten:

einen Hohlraum für ein nadelförmiges Rohrteil,
in welchen das nadelförmige Rohrteil (12) ein-
geführt wird;
einen Hohlraum für einen ersten Führungsdraht,
in welchen ein erster Führungsdraht, der sich
von der Spitze des röhrenförmigen Teils aus er-
streckt, dergestalt eingeführt wird, dass er in der
Achsenrichtung des röhrenförmigen Teils be-
wegt werden kann; und
einen Hohlraum für einen zweiten Führungs-
draht, in welchen ein zweiter Führungsdraht, der
sich in einer Richtung erstreckt, welche den er-
sten Führungsdraht kreuzt, eingeführt wird.

4. Infusionsgerät nach Anspruch 3, bei welchem:

a) eine Ebene, welche die Mittelachse des Hohl-
raums für den ersten Führungsdraht und die Mit-
telachse des Hohlraums für den zweiten Füh-
rungsdraht enthält, dergestalt angeordnet ist,
dass sie rechtwinklig zu einer Richtung verläuft,
in welcher die Austrittsöffnung ausgebildet ist,
b) der Hohlraum für den ersten Führungsdraht
und der Hohlraum für den zweiten Führungs-
draht auf den jeweiligen Seiten des Hohlraums
für das nadelförmige Rohrteil angeordnet sind
und der Hohlraum für das nadelförmige Rohrteil
sich dazwischen geschoben befindet und die
Mittelachsen der drei Hohlräume in derselben
Ebene liegen, oder
c) ein Ballon (42), der sich ausdehnen und zu-
sammenziehen kann, am Außenbereich des
röhrenförmigen Teils angebracht ist; wobei im
Innern des röhrenförmigen Teils ein Ballonhohl-
raum zum Leiten von Flüssigkeit zum Ausdeh-
nen des Ballons vorhanden ist, wobei vorzugs-
weise:

i. eine Ebene, welche Mittelachsen des
Hohlraums für den ersten Führungsdraht
und des Hohlraums für den zweiten Füh-
rungsdraht enthält, und eine Ebene, welche
Mittelachsen des Hohlraums für das nadel-
förmige Rohrteil und des Ballonhohlraums
enthält, rechtwinklig zueinander angeord-
net sind; oder
ii. eine Mitte der Austrittsöffnung in einer
Ebene liegt, welche Mittelachsen des Hohl-

raums für das nadelförmige Rohrteil und
des Ballonhohlraums enthält.

5. Infusionsgerät nach Anspruch 1, welches außerdem
umfasst:

konvex gekrümmte Eckbereiche, die auf dem
Außenumfang des röhrenförmigen Teils ausge-
bildet sind, welche im Querschnitt rechtwinklig
zur Achsenrichtung des röhrenförmigen Teils
den Scheitelpunkten eines Dreiecks entspre-
chen, welches gebildet wird und welches drei
Mittelpunkte von beliebigen drei Hohlräumen
der mindestens drei Hohlräume als Scheitel-
punkte hat; und
gekrümmte Oberflächen oder ebene Oberflä-
chen, welche auf dem Außenumfang des röh-
renförmigen Teils ausgebildet sind und welche
die angrenzenden konvex gekrümmten Eckbe-
reiche verbinden.

6. Infusionsgerät nach Anspruch 5, bei welchem:

a) die maximale Breite des röhrenförmigen Teils
in eine Richtung des Austretens des nadelför-
migen Rohrteils (12) aus der Austrittsöffnung in
einem Querschnitt des röhrenförmigen Teils im
rechten Winkel zu seiner Achsrichtung kleiner
ist als die maximale Breite des röhrenförmigen
Teils in eine Richtung rechtwinklig zur Richtung
des Austretens des nadelförmigen Rohrteils
(12) in jenem Querschnitt; oder
b) die drei Hohlräume umfassen: einen Hohl-
raum für das nadelförmige Rohrteil, in welchen
das nadelförmige Rohrteil (12) eingeführt wird,
einen Hohlraum für einen ersten Führungsdraht,
in welchen ein erster Führungsdraht, der sich
von der Spitze des röhrenförmigen Teils aus er-
streckt, dergestalt eingeführt wird, dass er in der
Achsrichtung des röhrenförmigen Teils bewegt
werden kann, und ein Hohlraum für einen zwei-
ten Führungsdraht, in welchen ein zweiter Füh-
rungsdraht eingeführt wird, der sich in einer
Richtung erstreckt, welcher den erste Führungs-
draht kreuzt, wobei vorzugsweise:

i. eine Ebene, welche die Mittelachse des
Hohlraums für den ersten Führungsdraht
und die Mittelachse des Hohlraums für den
zweiten Führungsdraht enthält, im rechten
Winkel zu einer Richtung angeordnet ist, in
welcher die Austrittsöffnung ausgebildet ist;
oder
ii. der Hohlraum für den ersten Führungs-
draht und der Hohlraum für den zweiten
Führungsdraht auf den jeweiligen Seiten
des Hohlraums für das nadelförmige Rohr-
teil angeordnet sind und der Hohlraum für
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das nadelförmige Rohrteil sich dazwischen
geschoben befindet und die Mittelachsen
der drei Hohlräume in derselben Ebene lie-
gen.

7. Infusionsgerät nach Anspruch 1, bei welchem sich
die mindestens drei Hohlräume in ihrer Achsenrich-
tung erstrecken und die Austrittsöffnung sich in einer
Seitenwand des röhrenförmigen Teils befindet, wo-
bei einer der genannten Hohlräume zur Austrittsöff-
nung führt und das genannte röhrenförmige Teil ei-
nen Querschnitt rechtwinklig zur Achsrichtung hat
und dieser Querschnitt einen Außenumfang auf-
weist, welcher aus einem imaginären Kreis gebildet
wird, indem man einen Teil des Kreises, welcher
mindestens einer Seite eines imaginären Vielecks
entspricht, nach innen bewegt, wobei das imaginäre
Vieleck mit seinen Scheitelpunkten durch Mittel-
punkte der Hohlräume festgelegt ist und Seiten auf-
weist, von denen jede zwei benachbarte Scheitel-
punkte verbindet und der imaginäre Kreis den klein-
sten Durchmesser zum Einpassen des Querschnitts
im Innern hat, wo das imaginäre Vieleck darin ein-
gepasst ist.

8. Infusionsgerät nach Anspruch 7, bei welchem:

a) die maximale Breite des röhrenförmigen Teils
in der Richtung des Austretens des nadelförmi-
gen Rohrteils (12) aus der Austrittsöffnung klei-
ner als die maximale Breite des röhrenförmigen
Teils in der Richtung rechtwinklig zur Richtung
des Austretens des nadelförmigen Rohrteils
(12) ist,
b) das Gerät ferner einen Ballon enthält, der am
Außenbereich des röhrenförmigen Teils ange-
bracht ist, wobei einer der mindestens drei Hohl-
räume ein Ballonhohlraum zum Leiten von Flüs-
sigkeit zum Aufweiten des Ballons ist, bei wel-
chem vorzugsweise die Mitte der Austrittsöff-
nung in einer Ebene angeordnet ist, welche Mit-
telachsen des Hohlraums für das nadelförmige
Rohrteil und des Ballonhohlraums enthält; oder
c) der vordere Endbereich in eine Richtung des
Einführens des röhrenförmigen Teils in den Kör-
per eine seitliche Querschnittsfläche im rechten
Winkel zur Achsrichtung aufweist, die kleiner als
die seitliche Querschnittsfläche eines Bereichs
außerhalb des vorderen Endbereichs des röh-
renförmigen Teils ist, vorzugsweise die minde-
stens drei Hohlräume die drei Hohlräume im vor-
deren Endbereich sind und die vier Hohlräume
im hinteren Endbereich sind, der dem vorderen
Endbereich gegenüber liegt, wobei stärker vor-
zuziehen ist, dass die vier Hohlräume einen
Hohlraum für einen ersten Führungsdraht ent-
halten, in welchen ein erster Führungsdraht, der
sich von einer Spitze des röhrenförmigen Teils

aus erstreckt und in axialer Richtung beweglich
ist, eingeführt wird, und einen zweiten Hohlraum
für einen zweiten Führungsdraht enthalten, in
welchen ein zweiter Führungsdraht, der sich von
einer in der Seitenwand befindlichen Öffnung
aus in eine andere Richtung als der erste Füh-
rungsdraht erstreckt, eingeführt wird und in axia-
ler Richtung beweglich ist, wobei der Hohlraum
für den zweiten Führungsdraht an dieser Öff-
nung endet und der vordere Endbereich des röh-
renförmigen Teils eine kleinere Querschnittsflä-
che von der Spitze bis zur Öffnung aufweist, wo-
bei am stärksten vorzuziehen ist, dass:

i. der erste Führungsdraht, der sich von der
Spitze aus erstreckt, und der zweite Füh-
rungsdraht, der sich von der Öffnung aus
erstreckt, eine Ebene rechtwinklig zu einer
Richtung des Austretens des nadelförmi-
gen Rohrteils (12) aus der Austrittsöffnung
bilden,
ii. die Querschnittsfläche zwischen der Spit-
ze und der Öffnung dergestalt ist, dass die
Fläche um so kleiner wird, je geringer der
Abstand zur Spitze ist; oder
iii. das Gerät ferner einen Ballon umfasst,
welcher am Außenbereich des röhrenförmi-
gen Teils angebracht ist, wobei einer der
mindestens drei Hohlräume ein Ballonhohl-
raum zum Leiten von Flüssigkeit zum Auf-
weiten des Ballons ist, wobei die Ebene,
welche Mittelachsen des Hohlraums für den
ersten Führungsdraht und des Hohlraums
für den zweiten Führungsdraht enthält, so-
wie eine Ebene, welche Mittelachsen des
Hohlraums für das nadelförmige Rohrteil
und des Ballonhohlraums enthält, im rech-
ten Winkel zueinander angeordnet sind.

9. Infusionsgerät nach Anspruch 1, welches ferner um-
fasst:

ein Reagenzienzuführgerät zur Zuführung eines
vorbestimmten Reagens in das nadelförmige
Rohrteil (12);
bei welchem, wenn das röhrenförmige Teil in
das Innere eines Körpers eingeführt worden ist
und dort belassen wird, ein Spitzenbereich des
nadelförmigen Rohrteils (12) aus der Austritts-
öffnung des röhrenförmigen Teils ausgedrückt
wird und in vorbestimmtes Gewebe im Körper
dergestalt eindringt, dass ein Reagens, welches
vom Reagenzienzuführgerät zugeführt wird, in
dieses Körpergewebe durch das nadelförmige
Rohrteil eingebracht werden kann.

10. Infusionsgerät nach Anspruch 9, bei welchem das
röhrenförmige Teil im Querschnitt rechtwinklig zu
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seiner Achse eine äußere Umfangsfläche aufweist,
die aus drei konvex gekrümmten Eckbereichen be-
steht, von denen jeder entsprechend den Scheitel-
punkten eines Dreiecks positioniert ist, welches ge-
bildet wird und Mittelpunkte von beliebigen drei Hohl-
räumen der mindestens drei Hohlräume als seine
Scheitelpunkte hat, und jede der drei Seitenflächen,
die gekrümmte Flächen oder ebene Flächen sind,
so positioniert ist, dass sie Grundflächen dieses
Dreiecks entsprechen und die konvex gekrümmten
Eckbereiche, die an sie angrenzen, verbinden.

Revendications

1. Un dispositif de perfusion, comportant

- un élément tubulaire, formé par un élément
tubulaire apte à être introduit dans un organis-
me, dans lequel sont pourvues au moins trois
lumières,
- une partie en retrait formée dans une surface
circonférentielle extérieures de l’élément tubu-
laire et s’étendant en direction axiale dudit élé-
ment, de manière à ce qu’une section transver-
sale de l’élément tubulaire perpendiculaire à la
direction axiale présente une forme dans laquel-
le au moins une partie de la circonférence exté-
rieure d’une section transversale annulaire pré-
sente une concavité orientée radialement vers
l’intérieur; et
- caractérisé par un élément tubulaire (12) en
forme d’aiguille, fait d’un fin tube présentant une
pointe acérée, lequel tube fin est introduit dans
une des trois lumières à l’intérieur de l’élément
tubulaire de manière à ce qu’il peut être déplacé
axialement, et dont la pointe est extrudée à l’ex-
térieure à travers une ouverture (22) d’extrusion
traversant une paroi de l’élément tubulaire et
s’ouvrant latéralement, laquelle ouverture est
pourvue dans l’élément tubulaire de manière à
perfuser un réactif.

2. Le dispositif de perfusion selon la revendication 1, où

a) l’élément tubulaire (12) en forme d’aiguille
peut être connecté à un dispositif d’alimentation
en réactif qui approvisionne un réactif dans l’élé-
ment tubulaire en forme d’aiguille,
b) une largeur maximale de l’élément tubulaire
dans une direction d’extrusion, de l’élément tu-
bulaire (12) en forme d’aiguille, de l’ouverture
d’extrusion en section transversale de l’élément
tubulaire en direction perpendiculaire par rap-
port à l’axe dudit élément tubulaire est inférieure
à une largeur maximale de l’élément tubulaire
dans une direction perpendiculaire à la direction
d’extrusion de l’élément tubulaire (12) en forme

d’aiguille, dans cette section transversale,
c) une partie extrême frontale dans une direction
d’insertion dans le corps de l’élément tubulaire
est inférieure dans une direction transversale de
l’élément tubulaire perpendiculaire à la direction
axiale dans une surface différente de la partie
extrême frontale de l’élément tubulaire ; ou
d) les trois lumières comporte une lumière d’élé-
ment tubulaire en forme d’aiguille dans lequel
est introduit un élément tubulaire en forme
d’aiguille, une première lumière de guidage
dans laquelle est introduite un premier fil de gui-
dage s’étendant de la pointe de l’élément tubu-
laire de manière à ce que ledit fil peut se dépla-
cer dans la direction axiale de l’élément tubulai-
re, et une lumière de ballonnet pour approvision-
ner du fluide dans le ballonnet pouvant se dilater
et contracter et qui est fixé à la partie extérieure
de l’élément tubulaire.

3. Le dispositif de perfusion selon la revendication 1,
où les trois lumières comportent :

- une lumière d’élément tubulaire en forme
d’aiguille dans laquelle l’élément tubulaire (12)
en forme d’aiguille est introduit ;
- une première lumière de fil de guidage, dans
laquelle est introduit un premier fil de guidage
s’étendant à partir d’une pointe de l’élément tu-
bulaire, de manière à pouvoir se déplacer dans
la direction axiale de l’élément tubulaire ; et
- une deuxième lumière de fil de guidage dans
laquelle est introduit un deuxième fil de guidage
s’étendant dans une direction intersectant le
premier fil de guidage.

4. Le dispositif de perfusion selon la revendication 3,
où :

a) un plan comportant un axe central de la pre-
mière lumière du fil de guidage et un axe central
de la deuxième lumière du fil de guidage est
disposé de manière à être perpendiculaire à une
direction dans laquelle l’ouverture d’extrusion
est formée,
b) la première lumière du fil de guidage et la
deuxième lumière du fil de guidage sont dispo-
sées sur des côtés respectifs de la lumière d’élé-
ment tubulaire en forme d’aiguille et lesdites lu-
mières prennent en sandwich entre elles la lu-
mière d’élément tubulaire en forme d’aiguille, et
des axes centraux des trois lumières sont dis-
posés dans le même plan, ou
c) un ballonnet (42) pouvant se dilater et con-
tracter est fixé à une partie extérieure de l’élé-
ment tubulaire ; et où la lumière de ballonnet
pour guider du fluide pour la dilatation du bal-
lonnet est pourvue dans l’élément tubulaire, de
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préférence où :

i. un plan comportant des axes centraux de
la première lumière du fil de guidage et la
deuxième lumière du fil de guidage, et un
plan comportant les axes centraux de la lu-
mière d’élément tubulaire en forme
d’aiguille et la lumière du ballonnet sont dis-
posés de perpendiculaire l’un par rapport à
l’autre, ou
ii. un centre d’ouverture d’extrusion est dis-
posé dans un plan comportant les axes cen-
traux de la lumière d’élément tubulaire en
forme d’aiguille et de la lumière du ballon-
net.

5. Le dispositif de perfusion selon la revendication 1,
comprenant en outre :

- des parties de coin courbées de façon convexe
formées dans une circonférence extérieure de
l’élément tubulaire, lesquelles parties corres-
pondent, dans une section transversale perpen-
diculaire à la direction axiale de l’élément tubu-
laire, aux sommets d’un triangle qui est formé
par les centres des trois lumières, les au moins
trois lumières présentant les sommets ; et
- des surfaces courbées ou plates formées sur
la circonférence extérieure de l’élément tubulai-
re, qui connecte les parties adjacentes de coin
courbées de façon convexe.

6. Le dispositif de perfusion selon la revendication 5, où

a) une largeur maximale de l’élément tubulaire
dans une direction d’extrusion, de l’élément tu-
bulaire (12) en forme d’aiguille, de l’ouverture
d’extrusion en section transversale de l’élément
tubulaire en direction perpendiculaire par rap-
port à l’axe dudit élément tubulaire est inférieure
à une largeur maximale de l’élément tubulaire
dans une direction perpendiculaire à la direction
d’extrusion de l’élément tubulaire (12) en forme
d’aiguille, dans cette section transversale,
b) les trois lumières comporte une lumière d’élé-
ment tubulaire en forme d’aiguille dans lequel
est introduit un élément tubulaire en forme
d’aiguille, une première lumière de guidage
dans laquelle est introduite un premier fil de gui-
dage s’étendant de la pointe de l’élément tubu-
laire de manière à ce que ledit fil peut se dépla-
cer dans la direction axiale de l’élément tubulai-
re, et une deuxième lumière de guidage dans
laquelle est introduite un deuxième fil de guida-
ge s’étendant dans une direction intersectant le
premier fil de guidage, où de préférence :

i. un plan comportant un axe central de la

première lumière de file de guidage et un
axe central de la deuxième lumière de file
de guidage est disposé de façon perpendi-
culaire par rapport à une direction dans la-
quelle est formée l’ouverture d’extrusion, ou
ii. la première lumière du fil de guidage et
la deuxième lumière du fil de guidage sont
disposées sur des côtés respectifs de la lu-
mière d’élément tubulaire en forme
d’aiguille et lesdites lumières prennent en
sandwich entre elles la lumière d’élément
tubulaire en forme d’aiguille, et des axes
centraux des trois lumières sont disposés
dans le même plan.

7. Le dispositif de perfusion selon la revendication 1,
où les au moins trois lumières s’étendent dans sa
direction axiale et l’ouverture d’extrusion est pourvue
sur une paroi latérale de l’élément tubulaire, une des-
dites lumières conduit à l’ouverture d’extrusion, ledit
élément tubulaire a une section transversale perpen-
diculaire à la direction axiale, et la section transver-
sale a une périphérie extérieure formée par un cercle
imaginaire en déplaçant vers l’intérieure une partie
du cercle correspondant à au moins un côté d’un
polygone imaginaire, où le polygone imaginaire
ayant des sommets est défini par les centres des
lumières et a des côtés qui se connectent chacun à
deux sommets adjacents, et le cercle imaginaire a
le plus petit diamètre pour ajuster la section trans-
versale à l’intérieur, où le polygone imaginaire est
ajusté dans ledit diamètre.

8. Le dispositif de perfusion selon la revendication 7, où

a) une largeur maximale de l’élément tubulaire
dans une direction d’extrusion, de l’élément tu-
bulaire (12) en forme d’aiguille, de l’ouverture
d’extrusion est inférieure à une largeur maxima-
le de l’élément tubulaire dans une direction per-
pendiculaire à la direction d’extrusion de l’élé-
ment tubulaire (12) en forme d’aiguille,
b) le dispositif comporte en outre un ballonnet
fixé sur un côté extérieur de l’élément tubulaire,
où une des au moins trois lumières est un bal-
lonnet pour conduire du fluide pour dilater le bal-
lonnet, où de préférence un centre de l’ouverture
d’extrusion est disposé dans un plan comportant
des axes centraux de la lumière d’élément tu-
bulaire en forme d’aiguille et de la lumière de
ballonnet ; ou
c) une partie extrême frontale dans une direction
d’insertion dans le corps de l’élément tubulaire
a une surface latérale de section transversale
perpendiculaire à la direction axiale, laquelle
surface étant plus petite qu’une surface latérale
de section transversale d’une partie qui diffère
de la partie extrême frontale de l’élément
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tubulaire , de préférence les au moins trois lu-
mières sont trois lumières sur la partie extrême
frontale et quatre lumières sur une partie extrê-
me arrière opposée à la partie extrême
frontale, , de façon encore plus préférée les qua-
tre lumières comportent une première lumière
de guidage dans laquelle est introduite un pre-
mier fil de guidage s’étendant de la pointe de
l’élément tubulaire de manière à ce que ledit fil
peut se déplacer dans la direction axiale de l’élé-
ment tubulaire, et une deuxième lumière de gui-
dage dans laquelle est introduite un deuxième
fil de guidage s’étendant d’une ouverture pour-
vue dans la paroi latérale dans une direction dif-
férente de celle du premier fil de guidage , et
ledit deuxième fil peut être déplacé de façon
axiale , où la deuxième lumière de fil de guidage
s’arrête à l’ouverture et la partie extrême frontale
de l’élément tubulaire , qui a de façon encore
plus préférée, une plus petite surface de section
transversale de la pointe jusqu’à l’ouverture, où

i. le premier fil de guidage s’étendant à partir
de la pointe et le deuxième fil de guidage
s’étendant à partir de l’ouverture forment un
plan perpendiculaire à la direction d’extru-
sion de 1’ élément tubulaire (12) en forme
d’aiguille de l’ouverture d’extrusion ,
ii. la surface de section transversale entre
la pointe et l’ouverture est telle que , plus la
distance est proche de la pointe , plus la
surface devient petite ; ou
iii. le dispositif comprend en outre un bal-
lonnet fixé sur la partie extérieure de l’élé-
ment tubulaire, où une des au moins trois
lumières est une lumière de ballonnet pour
conduire du fluide pour dilater le ballonnet,
où un plan comportant les axes centraux de
la première lumière de fil de guidage et de
la deuxième lumière de fil de guidage , et
un plan comportant les axes centraux de la
lumière de l’élément tubulaire en forme
d’aiguille et de la lumière de ballonnet sont
disposés de façon perpendiculaire l’un par
rapport à l’autre.

9. Le dispositif de perfusion selon la revendication 1,
comprenant en outre :

- un dispositif d’alimentation en réactif pour ap-
provisionner un réactif prédéterminé dans l’élé-
ment tubulaire (12) en forme d’ aiguille ;
- où avec l’élément tubulaire inséré et placé dans
un organisme , une partie de pointe de l’élément
tubulaire (12) en forme d’aiguille est extrudée
de l’ouverture d’extrusion de l’élément tubulaire
et introduite dans un tissu prédéterminé dans
l’organisme, de manière à ce qu’un réactif ap-

provisionné à partir de dispositif à réactif peut
être perfusé dans le tissu de l’organisme à tra-
vers l’élément tubulaire en forme d’aiguille.

10. Le dispositif de perfusion selon la revendication 9,
où l’élément tubulaire , dans une section transver-
sale perpendiculaire à son axe, présente une surface
circonférentielle extérieure présentant trois parties
de coin courbées de façon convexe, chaque partie
étant positionnée de façon à correspondre aux som-
mets d’un triangle qui est formé en ayant trois centres
de chacune des trois lumières des au moins trois
lumières servant en tant que ses sommets, et trois
surfaces latérales qui sont des surfaces courbées
ou des surfaces plates chacune des surfaces étant
positionnées de façon correspondante aux bases de
ce triangle et connectant les parties adjacentes de
coin courbées de façon convexe.
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