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Description

[0001] The present invention relates to medical cath-
eters and guidewires commonly used in the placement
of catheters in a patient's vascular system, and particu-
larly to medical infusion wires that can be used both as
a guidewire or an infusion catheter

[0002] Medical catheters and guidewires are devices
that can be navigated through narrow body passages,
typically blood vessels, until the distal end section is in
a desired location. Guidewires are typically used for in-
troduction of a catheter over the guidewire in order to
perform a medical procedure in a blood vessel or body
organ. For example, guidewires are employed to
traverse blood vessels to reach a desired site. Then a
catheter is advanced over the guidewire to a desired ori-
entation with respect to the site for delivery of a drug or
agent or for a performing a therapeutic or diagnostic
function.

[0003] Cardiovascular guidewires typically have a
solid core wire and are dimensioned to be received with-
in a catheter lumen as the catheter is advanced over the
guidewire. One very common guidewire construction
has an elongated, flexible, helical coil having a proximal
end and a distal end, the latter being inserted into the
patient's vascular system. The internal core wire typical-
ly extends through the coil lumen with the proximal and
distal ends of the core wire attached to the proximal and
distal ends of the coil. A physician controls the advance-
ment and resulting position of the distal end of the
guidewire by manipulations performed at the proximal
end outside the body. Then, a catheter is advanced over
the guidewire, which may be left in place or withdrawn
during a procedure using the guidewire.

[0004] In order to advance the catheter over the
guidewire, it must be uniform in outer diameter or have
only step down diameter reductions and minimal diam-
eter increases distally. In addition, both catheters and
guidewires are preferably constructed with radiopaque
markers that are have greater radiopacity and hence
higher visibility under fluoroscopy than the bulk of the
elongated catheter or guidewire body. These markers
allow the physician to visualize the location of the distal
end and/or intermediate point(s) along the elongated
body within the patient's body. When both the guidewire
and the catheter are provided with such markers, care
must be taken that they are not so long on one or both
device that they mask one another or are confusing. In
this regard, it may not be desirable to make the entire
wire coil in the distal segment or portion of a high density
radiopaque material, because its bright appearance un-
der fluoroscopy would mask any radiopaque marker(s)
on the catheter being introduced over it.

[0005] Some guidewires are constructed of wire coil
defining a guidewire lumen with an outer sheath sur-
rounding or within the wire coil and are adapted for use
both as guidewires and as infusion catheters and are
referred to as infusion wires. An infusion wire having a
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number of advantages is disclosed in commonly as-
sighed U.S. Patent No. 5,554,114. The infusion wire
body disclosed in the 114 patent employs a wire coil ex-
tending within or outside a sheath for containing the in-
fused drug or agent. Further wire coil infusion wires are
disclosed, for example, in U.S. Patent Nos. 5,178,158,
5,184,627, and 5,211,636. These infusion wires are pro-
vided with either a distal axial open end hole or a closed
distal end with infusion side holes and a lumen for con-
veying infusion fluids or body fluids between the proxi-
mal end and the end hole or side holes.

[0006] In order to operate as a guide wire and be ad-
vanced through a tortuous vascular pathway to a de-
sired infusion site, it is necessary that the overall outer
diameter be as small as possible and that the construc-
tion provide for ease of advancement and excellent
steerability or torqueability from the manipulated proxi-
mal end to the distal end thereof Moreover, the construc-
tion typically requires increasing flexibility in the inter-
mediate and distal sections. In order to provide ade-
quate infusion capabilities, the side wall thickness has
to be minimized to maximize potential infusion volume.
The side wall construction also has to withstand high
fluid pressures during infusion.

[0007] In use, because of the narrow gauge, flexibility
and column strength, the distal portion of an infusion
wire can be advanced to a desired site in a blood vessel.
Then, the physician can advance a catheter over the in-
fusion wire to the site. Depending on the design, the phy-
sician can remove the infusion wire from the catheter
lumen or leave it in place while conducting a procedure
with the catheter. Drugs or agents can be infused from
the proximal end of the infusion wire, through the infu-
sion lumen, and out through the distal end lumen open-
ing or through a plurality of side holes in the distal sheath
and/or through spaces between exposed turns of distal
wire coil, if any, during or following the procedure using
the catheter. Alternatively, distal blood pressure may be
monitored through a fluid column in the lumen. Typical
uses of infusion wires to infuse thrombolytic agents into
a thrombus in a blood vessel to dissolve it are described
in the article by T. McNamara, MD et al., entitled "Coax-
ial system improves thrombolysis of ischemia" pub-
lished in DIAGNOSTIC IMAGING (pp. 122-131, Novem-
ber 1991), and incorporated herein by reference in its
entirety.

[0008] A particular infusion wire is disclosed in U.S.
Patent No. 5,322,508 wherein a partial length core wire
is attached at the distal end of a metal hypotube infusion
wire body and extends distally within a wire coil also at-
tached at the distal end of the hypotube. Hypotube con-
struction without a full length core wire may provide a
maximal size cross-section, infusion lumen that may ac-
commodate a relatively high infusion flow rate. Howev-
er, the constriction at the attachment to the distal core
wire extension before the distal infusion side holes ne-
gates the advantage imparted by the unobstructed hy-
potube lumen. Moreover, hypotube does not provide for
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a 1:1 torque transmission down the length of the infusion
wire during twisting or rotational advancement.

[0009] A further U.S. Patent No. 5,569,197 discloses
a similar infusion wire to those disclosed in the above-
referenced patents and McNamara article that uses a
superelastic alloy as a particular hypotube material in
the proximal portion of the infusion wire. A number of
conventional uses of infusion wires, e.g., to guide bal-
loon angioplasty and stent placement balloon catheters
into a desired site, are also disclosed in the 197 patent.
[0010] Currently, there are two types of clinically used
infusion wires, one having a closed end of the type dis-
closed in the 627 patent and another having an open
end of the type disclosed in the 158 patent and some-
times referred to as a "convertible wire". The '158 and
'627 patents describe infusion wires and convertible
wires having full length, coiled wire bodies within outer
sheathes with constant diameter infusion lumens. In
each case, the proximal sections have a polyimide tube
between the wire coil and the outer sheath to strengthen
that section and allow increased infusate pressure. The
convertible wire disclosed in the '158 patent delivers the
infusate through a distal end hole of the infusion lumen.
The infusion wire disclosed in the '627 patent has a
closed distal end and a plurality of infusion side holes
cut in the outer sheath which covers the wire coil. In both
cases, the removable core wire supplies sufficient col-
umn strength for steerability as the convertible wire or
infusion wire is advanced to the treatment site.

[0011] In use of these infusion wires and convertible
wires, when infusion therapy is desired, the core wire
must be completely removed, since it occupies the bulk
of the infusion lumen and would increase flow resistance
and decrease flow rate dramatically were it left in place.
The handling of this core wire is bothersome to many
physicians. In addition, because of the full length coil
construction (and non-attached core wire), it has no
steerability or torqueability. Physicians may desire to
steer the distal end into another vessel after the infusion
wire is already deployed. Without the ability to steer the
tip, they often will be forced to withdraw the entire con-
vertible wire, then place a regular guidewire at the de-
sired site, follow it with an infusion catheter advanced
over the guidewire, and then remove the regular
guidewire and replace it with the infusion wire.

[0012] While the '636 patent discloses an integral
core wire within the infusion lumen of an infusion wire,
the depicted embodiments all have at least one full
length outer wire coil and a coaxial sheath leaving a
small cross-section area for the infusion of infusate at
slow, steady rates. A high pressure drop is effected
along the length of the infusion wire so that the slow in-
fusion rate between the distal coil wire turns and the in-
fusion pressure is relatively insensitive to the fluid pres-
sure of the fluid entering the lumen at the proximal end.
[0013] Infusion wires require a small cross-section
size (typically 0.038 inches or less in diameter) and pref-
erably have a relatively stiff proximal infusion wire por-
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tion to transmit torque and allow the infusion wire to be
pushed and steered through the vascular system to po-
sition the distal infusion wire portion at a desired site.
Such infusion wires also preferably have a relatively
flexible distal infusion wire portion in order to access
small diameter and tortuous body vessels. The stiffness
and flexibility are controlled by the construction employ-
ing a removable or permanent core wire, the coiled wire
in at least the distal infusion wire portion and a variety
of proximal portion side wall constructions as described
above.

[0014] Infusion wires also require at least one imper-
vious sheath extending from the proximal end to one or
more infusion port at or near the distal end in order to
contain the infusate fluid. The delivery of infusate along
the distal portion of the infusion wires of these types is
effected typically through infusate passageways includ-
ing the infusion lumen space extending along the length
of the infusion wire between the core wire and the coiled
wire within the impervious sheath, referred to as the in-
fusion lumen, and then through the spaces between the
adjacent wire coil turns and through one or more side
opening in the sheath in the distal portion. The cross-
section area of the passageways affects the volume of
infusate that can be delivered through the proximal and
distal infusion wire portions. The conflicting demands for
passageway cross-section area and sufficient stiffness
and flexibility in the infusion wire portions are difficult to
satisfy.

[0015] In order to deliver the infusate along the distal
portion, the sheath may terminate proximally to the in-
fusion wire distal end, leaving a side opening comprising
number of exposed distal coil wire turns, as in the above-
referenced '508 patent. Alternatively, one or more typi-
cally a plurality of slits or holes are formed through the
impervious sheath, as in the above-referenced '627 pat-
ent through which the infusate is expelled laterally. In
either case, the infusate may be unevenly expelled first
through the spacings between wire coil turns and then
through the sheath opening or openings.

[0016] Itis alsodesirable to be able to manually shape
at least the distal most section of the distal infusion wire
portion into a curve for accessing blood vessels during
introduction of the infusion wire. At times, the applied
force can cause the distal infusion wire portion to kink.
An infusion wire with improved steerability, uniformity in
infusate fluid delivery profile, enhanced capability to be
shaped to ease introduction into difficult to access blood
vessels, and retaining a high infusion flow rate would
therefore be a great improvement.

[0017] There is also known from patent document
WO-A-97 13455 an infusion guidewire that can be used
either as a guidewire or as an infusion catheter having
an integral, tapered core wire within an infusion lumen
formed of aligned lumens of the conduit of a proximal
connector housing, a proximal inner sheath in a proxi-
mal guidewire portion and a distal coil wire in a distal
guidewire portion. The core wire proximal end is at-
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tached to the connector housing, and the core wire distal
end is connected to the distal end of the distal wire coil.
An outer sheath is attached to the connector housing
and formed over the proximal inner sheath of the distal
wire coil. A plurality of infusion side holes are formed in
a distal infusion segment of the outer sheath in fluid
communication with the infusion lumen. At the junction
of the proximal inner sheath and the distal wire coil, a
radiopaque wire coil of a material having a higher radi-
opacity than the distal wire is formed into a plurality of
radiopaque wire coil turns of substantially the same
pitch, inner lumen diameter and outer diameter as the
distal wire coil. The radiopaque wire coil turns are wound
into spacings between adjacent turns of the proximal
wire coil such that the wire coils and the inner coil lu-
mens are substantially co-axially aligned and main-
tained in alignment by the inner and outer sheathes.
[0018] The infusion wire of the presentinvention is de-
fined in claim 1. Its structure is formed with proximal and
distal infusion wire portions between infusion wire prox-
imal and distal ends that is adapted to be introduced
through a selected path in a patient's body to a site in a
blood vessel or body cavity to infuse an infusate fluid
drug or agent into the blood vessel or body cavity. A flex-
ible, elongated tubular, inner sheath having an inner
sheath lumen is formed therein and extends from the
infusion wire proximal end and distally through the prox-
imal infusion wire portion to an intermediate junction. A
flexible, elongated, helically wound, distal wire coil hav-
ing a distal coil lumen formed therein extends from the
infusion wire distal end and proximally through the distal
infusion wire portion to the junction with the distal end
of the inner sheath. An elongated, tubular outer sheath
extends between the proximal and distal infusion wire
ends having an outer sheath lumen formed therein for
receiving the inner sheath in a proximal sheath portion
thereof and for receiving the distal wire coil in a distal
sheath portion thereof. The inner sheath lumen and the
distal coil lumen are substantially aligned to a common
axis at the intermediate junction. The outer sheath is
formed with a plurality of infusion ports formed therein
in the distal sheath portion thereof for allowing transmis-
sion of infusate fluids between the infusion lumen, ad-
jacent turns of the distal wire coil and the infusion port
to the exterior of the distal sheath portion.

[0019] An elongated stiffening core wire having a
proximal core wire end and a distal core wire end is po-
sitioned within the aligned inner sheath lumen and wire
coil lumen to extend therein from the proximal infusion
wire end to the distal infusion wire end. An infusion lu-
men is defined by the cross-section area within the
aligned inner sheath lumen and wire coil lumen that is
not occupied by the elongated stiffening core wire.
[0020] Inone feature of the presentinvention, the flex-
ible, elongated tubular, inner sheath is formed of wire
reinforced, polyimide providing resistance to collapse of
the inner sheath and enhanced torque transmission
through the proximal infusion wire portion in use of the
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infusion wire.

[0021] According to the invention, the distal wire coil
has a proximal wire coil section and a distal wire coll
section, the proximal wire coil section close wound at a
close coil pitch and the distal wire coil section space
wound at a space wound coil pitch to accomplish a pre-
determined flow rate of fluids flowing between the space
wound wire turns of the space wound distal wire coil sec-
tion. The space between adjacent wire turns increases
distally in the distal wire coil section.

[0022] Inafurtherfeature of the presentinvention, the
core wire comprises a proximal core wire portion and a
distal core wire portion. The proximal core wire portion
is formed with a proximal core wire portion diameter
smaller than the infusion diameter in the proximal infu-
sion wire portion. The distal core wire portion is formed
of a proximal core wire section and a distal core wire
section. The proximal core wire section is formed with
a proximal core wire section diameter smaller than the
proximal core wire portion diameter, and the distal core
wire section is formed with a distal core wire section di-
ameter smaller than the proximal core wire section di-
ameter. A tapered proximal transition zone extends be-
tween the proximal core wire portion and the proximal
core wire section, and a tapered distal transition zone
extends between the proximal and distal core wire sec-
tions.

[0023] The infusion wire of the present invention pro-
vides enhanced handling advantages and infusate flow
rates equal to or exceeding conventional infusion wires
or convertible wires, while retaining the core wire in
place. This allows the physician to avoid removing and
replacing the infusion wire with a regular guidewire as
described above.

[0024] Other advantages and features of the present
invention will be readily appreciated as the same be-
comes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings, in which like reference nu-
merals designate like parts throughout the figures there-
of and wherein:

FIG. 1 is a plan view of an infusion wire outside the
scope of the present invention, but useful for under-
standing the context of the invention;

FIG. 2 is an end cross-section view of the infusion
wire proximal end assembly of the infusion wire of
FIG. 1;

FIG. 3 is a side cross-section view of the infusion
wire proximal end assembly of the infusion wire of
FIG. 1;

FIG. 4 is a partial cross-section plan view of the in-
fusion wire depicting the transition between the
proximal and distal infusion wire portions thereof;
FIG. 5is a partial cross-section plan view of the dis-
tal section of the infusion wire distal portion ;

FIG. 6 is a partial cross-section plan view of a var-
iation of the infusion wire of FIG. 4 including an in-
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tegral radiopaque marker;

FIG. 7 is a plan view of an infusion wire according
to the preferred embodiment of the present inven-
tion;

FIG. 8 is an expanded partial side cross-section
view of the infusion wire proximal end assembly of
the infusion wire of FIG. 7;

FIG. 9 is an expanded, partial side cross-section
view of a proximal inner sheath section situated
within at least a proximal section of the proximal in-
fusion wire portion of the infusion wire of FIG. 7;
FIG. 10 is an expanded, end view of the inner
sheath of FIG. 9;

FIG. 11 is a side cross-section view of the distal in-
fusion wire portion of the infusion wire of FIG. 7 de-
picting the preferred coil spacings between adja-
cent wire coil turns of the wire coil; and

FIG. 12 is a side view of a fixed core wire inserted
into the infusion wire lumen and preferably em-
ployed in the embodiment of the invention

[0025] The description given with reference to Figures
1 to 6 does not cover all the features of the invention
according to the main claim, but is useful for understand-
ing the general context of the invention. an embodiment
of the latter is given with reference to Figures 7 to 12.
[0026] Turning now to FIGs. 1 - 3, they generally de-
pict the construction of an infusion wire 10 in accordance
with the preferred embodiments of the present inven-
tion. FIGs. 4 - 6 depict the construction of the distal por-
tion of an infusion wire. FIGs. 7 - 12 depict the construc-
tion of features of the infusion wire of the preferred em-
bodiment of the invention. It will be understood that fur-
ther preferred embodiments are generally disclosed
wherein certain of the features of the preferred embod-
iment are separately employed in an infusion wire con-
forming with Figures 1 to 6.

[0027] The flexible, elongated, medical infusion wire
10 of the embodiments of the present invention has a
proximal infusion wire portion 12 and distal infusion wire
portion 14 joined together at a junction 36 and extending
between infusion wire proximal end 16 and infusion wire
distal end 18. The infusion wire 10 is adapted for intro-
duction through a selected path in a patient's body to a
site in a blood vessel or body cavity and for infusing an
infusate fluid drug or agent into the blood vessel or body
cavity. Preferably, the overall usable length of the infu-
sion wire 10 is on the order of 145 cm to 175 cm, for
example. The infusion wire 10 preferably has a maxi-
mum outer diameter of about 0.0889 cm (0.035 inches).
The distal infusion wire portion 14 preferably ranges
from about 3.0 cm to about 20.0 cm in length.

[0028] As shown in FIGs. 1 - 3, the proximal infusion
wire portion 12 includes the luer connector housing 20
and the flexible, elongated, tubular, inner sheath 24 of
a first length extending from the infusion wire proximal
end 16 and distally through the proximal infusion wire
portion 12 having an inner sheath lumen 30 formed
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thereby. The inner sheath 24 is preferably composed of
a high strength, thin walled, flexible tubing. The proximal
end of the inner sheath 24 is sealed within the lumen at
one end of a strain relief 28 which is flared and com-
pression fit at its other end between the male connector
fitting 26 and a threaded female connector nut 32
threaded over it. In the first embodiment, the inner
sheath 24 is preferably formed of a solid polyimide tube
that is 0.0749 cm (0.0295 inches) in outer diameter and
0.0698 cm (0.0275 inches) inner diameter, for example,
that defines an inner sheath lumen 30 therein. In the em-
bodiment shown in FIGs. 7 - 12, the inner sheath is pref-
erably formed of a wire reinforced polyimide tube in at
least a proximal inner sheath section thereof that retains
flexibility while reinforcing the proximal infusion wire por-
tion 12 to resist collapse of the inner sheath 24 and to
provide enhanced torque transmission and pushability
in use of the infusion wire 10.

[0029] As shown in FIGs. 4 and 6, the inner sheath
24 extends distally through the proximal portion 12 to
an intermediate junction 36 where it terminates. The
proximal end of a flexible, elongated, helically wound,
distal, wire coil 40 extending to a distal wire coil end
thereof at the infusion wire distal end 18 is forced into
the distal end of an inner sheath lumen 30 of the poly-
imide sheath 24 along the short overlapping lengths
thereof at the intermediate junction 36. The wire coil 40
preferably is formed of circular cross-section stainless
steel wire of about 0.010 cm (0.004 inches) diameter
wound into a wire coil having an inner diameter of about
0.053 cm (0.021 inches) defining a wire coil infusion lu-
men 42 and an outer diameter of about 0.074 cm (0.029
inches).

[0030] Returningto FIG. 1, an elongated, flexible, tu-
bular, outer sheath 50 extends through the proximal and
distal infusion wire portions 12 and 14. The outer sheath
50 has an outer sheath lumen 52 formed therein for re-
ceiving the inner sheath 24 in a proximal portion thereof
and the distal wire coil 40 in a distal portion thereof The
inner sheath lumen 30 and the distal wire coil lumen 42
are substantially co-axially aligned at their junction 36
and define an infusion lumen 34 having an infusion di-
ameter that is stepped down slightly through and distally
to junction 36. The outer sheath 50 provides a substan-
tially constant outer diameter through the length of the
infusion wire 10. The outer sheath 50 has at least one
infusion port 54, formed therein in the distal portion
thereof for allowing transmission of fluids between the
infusion lumen, adjacent enclosed turns of the distal
wire coil 40 and the infusion port(s) 54,, to the exterior
of the distal portion of the outer sheath 50. Preferably,
the number n and the spacings apart of the infusion
ports 54,, may be selected as a function of the length of
distal portion 14. For example, the number n = 8 for 3.0
cm length, n =14 for 6.0 cm, n =20 for 9.0 cm, and n =
26 for 12.0 cm.

[0031] The outer sheath 50 is preferably a Teflon®
(PTFE) shrink tube that is optically substantially trans-
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parent and that can be heat shrunk over the entire as-
sembly of the inner polyimide sheath 24 and the distal
wire coil 40 to lock the assembly in place and provide a
lubricious outer surface. Prior to applying heat, the side
holes or infusion ports 54,, are cut in or formed in the
distal portion of the tube that will be shrunk over the sep-
arated turns of distal wire coil 40. At the intermediate
junction 36, the shrunken outer sheath 50 locks the as-
sembly together without the need for adhesives, braze,
solder or the like, retaining flexibility along the length of
junction 36.

[0032] An elongated, stiffening, core wire 56 extends
from the infusion wire proximal end 16 to the infusion
wire distal end 18. The proximal end of the core wire 56
is attached to the proximal luer connector housing 20
and thereby to the proximal ends of the tubular inner
and outer sheaths 24 and 50. The distal end of the core
wire 56 is attached to the infusion wire distal end as
shown in FIG. 5 of the first embodiment and FIG. 11 of
the second embodiment and described below. The core
wire 56 is otherwise not attached within the infusion lu-
men to components of the infusion wire 10. The attach-
ment of the core wire at the infusion wire proximal and
distal ends 16 and 18 enables steering of the infusion
wire distal end 18 by manually rotating the connector
housing 20.

[0033] AsshowninFIG. 3, the proximal core wire end
58 is bent into a shape which fits into a keyed groove
38 inside the connector housing 20. The connector
housing 20 includes a hub member 62 having an outer
surface 64 adapted to be manually engaged and manip-
ulated to advance and rotate infusion wire 10 through a
blood vessel. The hub member 62 has an internal con-
duit 66 therein for transmission of infusion fluids to the
infusion lumen 34 and for receiving the proximal core
wire end 58. The proximal core wire end 58 is formed
with a laterally bent shape in one plane of a size to pre-
vent the bent shape from being advanced distally
through the conduit 66 and the aligned infusion lumen
34 and for fixing the core wire 56 from rotation in the
conduit 66 and the infusion lumen 34 during advance-
ment and rotation of the infusion wire 10. A pair of planar
side walls 68, 70 extend laterally on either side from the
conduit 66 within the hub member 62 to form the cavity
of the keyed groove 38 for receiving the bent shape of
the proximal core wire end 58 and for restraining rotation
thereof. The bent shape, proximal core wire end 58 can
alternatively be insert molded into the proximal connec-
tor housing 20, leaving the conduit 66 open.

[0034] Specific features of the of the above device are
depicted in the fabrication and assembly of the core wire
56 and distal wire coil 40 in the distal infusion wire por-
tion 14 depicted in FIGs. 4-6. The elongated stiffening
core wire 56 extends from the proximal core wire end
58 shown in FIGs. 2 and 3 to a distal core wire end 60.
The stiffening core wire 56 is positioned within the
aligned axial inner sheath and wire coil lumens 30 and
42, to extend between the proximal and distal infusion
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wire ends 16 and 18, thereby defining the infusion lumen
34 in the space not occupied by the core wire 56. In a
preferred example, the integral stiffening core wire 56
consists of a 0.025-0.041 cm (0.010 - 0.016 inch) diam-
eter, stainless steel core wire which tapers to
0.0076-0.017 cm (0.0030 - 0.0065 inches) at the distal
end 18. A continuous taper is commenced just proximal
to the junction of inner polyimide sheath 24 and distal
wire coil 40. Idealty, a 0.023 cm (0.009") diameter por-
tion of the taper is located at the most proximal end of
the distal wire coil 40. The tapering provides a relatively
constant cross-section area infusate passageway within
the infusion lumen not occupied by the core wire 56, de-
spite narrowing of the infusion lumen 34 at and distally
to the junction 36.

[0035] The integral core wire 56 is brazed, for exam-
ple, at its distal core wire end 60 to the distal end turns
of the distal wire coil 40 forming an attachment ball 44
as shown in FIG. 5. The brazing creates the integral at-
tachment of the core wire end 60 that provides for in-
creased steerability and torque transfer. The core wire
distal end 60 may be flattened prior to brazing in order
to create a mechanical lock for a stronger braze pull
force. The distal core wire end 60 and distal wire coil 40
can also be soldered or welded or attached with adhe-
sive, but brazing is preferred. A platinum marker tube
46 made from a short length of platinum tubing is en-
capsulated in the attachment ball 44 (or other attach-
ment means) between the core wire 56 and the distal
wire coil 40. The attachment ball 44 also serves to close
the distal end of the infusion wire to internal infusate
pressure. This is effected when the outer sheath 50 is
heat shrunk. The tip of the heat shrink tube sheath 50
is shrunk past the attachment ball 44 to lock it in, and
any remaining distal tail is trimmed short to about 0.038
cm (0.015 inches) in length.

[0036] In use, rotational motion imparted to the hub
member outer surface 64 is imparted to the core wire
56 and through the core wire 56 to the attachment ball
44 attaching the distal core wire end 60 to the distal end
of the distal wire coil 40 within the outer sheath 50. Be-
cause the distal end of the core wire 56 is brazed to the
distal end of distal wire coil 40, the infusion wire distal
end 18 will be steerable. The core wire 56 can be shaped
at the infusion wire distal end 18 by the physician to im-
prove the steerability.

[0037] In order to allow the passage of infusate be-
tween the inner infusion lumen and the infusion port(s),
the adjacent turns of the distal wire coil 40 shown in
FIGs. 4 -6 are separated by approximately one-half the
wire diameter or about 0.0051 cm (0.002 inches). The
tapered core wire 56 within the aligned inner sheath lu-
men 30 and distal wire coil lumen 42 and the integral
attachment of proximal and distal core wire ends 58, 60
as described above replaces the full length wire coils of
the side hole infusing infusion wires of the above-refer-
enced '627, and 636 patents. The resulting net cross-
section area provides an infusion lumen 34 within the
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same outer diameter that allows a flow rate exceeding
or comparable to the flow rates of the side hole infusing
infusion wires of the '636 and '627 patents, respectively.
For example, the infusion flow rates for room tempera-
ture water at 100 psi are specified for the following dif-
fering infusion lengths:

3.0cm 28 cc/min
6.0 cm 30 cc/min
9.0cm 32 cc/min
12.0 cm | 34 cc/min

[0038] In use of the infusion wire 10, both slow drip,
i.e., weeping, infusion and spray infusion may be effect-
ed. The infusion wire 10 is further specified to withstand
pressures of up to 2413 kPa (G50 psi) without bursting
or tip leakage.

[0039] Turning to a further aspect of the present in-
vention, as shown in FIG. 6, platinum spring marker wire
coil 48, preferably made in the same 0.010 cm (0.004
inch) wire diameter and coiled with the same pitch, in-
side diameter and outside diameter as the wire coil 40,
is screwed into the turns of the distal wire coil 40. The
wire coils 40 and 48 are both wound in the same direc-
tion preferably with a gap of one-quarter to one times
wire diameter. This allows the two coils to be screwed
together preferably over a close fitting mandrel. The
platinum marker wire coil 48 can be short (e.g. 0.127 cm
(0.050") long), and the coil turns need only to be wound
together a few times to provide a good lock.

[0040] The two wire coils 48 and 40 are screwed to-
gether to form a high radiopacity marker of about 0.075
inches long. Both ends of the platinum marker wire coil
48 and a number of turns of the proximal end of the stain-
less steel distal wire coil 40 are forced into an interfer-
ence fit within the distal end opening of inner sheath lu-
men 30. The inner sheath lumen 30 protects and holds
the ends of the wire coil 48 turns from moving laterally,
and maintains the diameter of the distal wire coil lumen
42 constant, and the outer sheath 50 prevents longitu-
dinal displacement or separation of the intertwined coil
turns from the inner sheath lumen 30 without requiring
an adhesive, braze or solder. The platinum wire coil 48
turns at the proximal end of the stainless distal wire coil
40 thereby serve as a radiopaque marker to mark the
proximal end of the infusion section.

[0041] Because the platinum wire coil is wound in an
intertwined manner with the stainless wire coil, there is
no reduction of a lumen diameter or increase in the outer
diameter at the marker section. The resulting joint pro-
vides a radiopaque marker that can be readily seen un-
der fluoroscopy, yet which maintains the identical inner
and outer diameter as a less radiopaque stainless steel
coil and virtually the same flexibility without a marker.
The resulting product has an outer surface with no
bumps or increases in diameter and an inner lumen with
no added restrictions to flow or to tracking over a guide
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wire.

[0042] FIGs. 7 - 12 depict three features of the em-
bodiment of the invention which are preferably practiced
in conjunction with one another in an improved infusion
wire 10'. However, it is contemplated that one or two of
the features may be substituted for like features of the
device described with reference to figures 1-6. These
features include a strengthened inner sheath 24' (shown
in FIGs. 7 - 10) in at least a proximal section thereof to
make the proximal infusion wire portion 12 more resist-
ant to collapse from pressure applied around its perim-
eter to seal it within a fitting. In addition, the reinforce-
ment of the strengthened inner sheath 24' makes it eas-
ier to transmit torque manually applied at the luer con-
nector housing 20 through the proximal infusion wire
portion 12 to the distal infusion wire portion 14. The sec-
ond feature comprises varying the pitch of the distal wire
coil through at least a distal section of the length of the
distal infusion wire portion 14 to distribute infusate more
evenly to the plurality of longitudinally spaced apart in-
fusion ports 54, as shown in FIG. 11. The third feature
comprises changing the shape of the stiffening core wire
56 in the distal infusion wire portion 14 from the single
continuous taper of the first embodiment to a stepped
double taper to increase the flexibility of a distal section
thereof, to increase the cross-section infusion area of
the infusion lumen 34 distally, and to improve resistance
to kinking of the core wire 56 just distally of the interme-
diate junction 36.

[0043] FIGs. 7 - 10 depict the improved, flexible, elon-
gated, tubular, inner sheath 24' formed of wire rein-
forced, polyimide within at least a proximal inner sheath
section 106 to provide greater compression strength
and enhanced torque transmission through the proximal
infusion wire portion 12 in use of the infusion wire 10.
As in the first embodiment, the improved inner sheath
24' has an inner sheath lumen 30 formed therein and
extends from the infusion wire proximal end 16 and dis-
tally through the proximal infusion wire portion 12 to the
intermediate junction 36. The reinforcement of the im-
proved inner sheath 24' is effected by a flattened, space
wound, coiled wire 72 embedded between a nominally
designated inner sheath outer layer 74 and an inner
sheath inner layer 76, both formed of polyimide in at
least the inner sheath section 106. The space wound,
coiled wire 72 increases the crush resistance of the poly-
imide tube in the proximal inner sheath section 106.
Preferably the distal inner sheath section 108 is devoid
of the coiled wire 72 in order to maintain the flexibility of
the proximal infusion wire portion 12.[deletion(s)]
[0044] Preferably, the coiled wire 72 is formed of
stainless steel, and the process of embedding the coiled
wire 72 may be effected by coating or extrusion such
that the nominally designated, inner sheath, outer and
inner layers 74 and 76 are in fact a single layer of poly-
imide. It will also be realized to those of skill in the art
that the smooth wall surfaces of the inner sheath, outer
and inner layers 74 and 76 shown in FIGs. 8 - 10 are an
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idealized representation. In practice, the surfaces are
corrugated in a spiral pattern tracking the turns of the
embedded coiled wire 72 as shown in FIG. 7. The cor-
rugated spiral pattern of the exterior surface of the inner
sheath outer layer 74 can be seen as illustrated in FIG.
7 and felt tactually through the thin, transparent, outer
sheath 50 after it is shrunk fit over the improved inner
sheath 24"

[0045] In atypical therapeutic procedure, the infusion
wire 10" is used coaxially with a balloon catheter or an
infusion catheter in the manner described in the above-
incorporated McNamara article. As described therein,
in one procedure, the inner infusion wire 10' is intro-
duced through the O-ring seal of a Touhy-Borst type
adaptor attached to the hub of the outer catheter until
the distal infusion wire portion 14 exits through the distal
end opening of the infusion catheter to position the in-
fusion exit ports 54,, in relation to a thrombus to be dis-
solved by the infused thrombolytic agent. Alternatively,
the outer catheter may be introduced over a previously
introduced and positioned infusion wire. In either case,
the seal of the O-ring against the exterior surface of the
proximal infusion wire portion 12 may be tightened to
avoid leakage and create a risk of collapsing it and
squeezing off the infusion lumen 34. The reinforcement
of the improved inner sheath 24' in at least the proximal
inner sheath section 106 diminishes that risk while re-
taining flexibility through the remainder of the proximal
infusion wire portion 12. In addition, it enhances the col-
umn strength and torque transmission capability so that
the proximal and distal infusion wire portions 12 and 14
can be rotated and steered through tortuous blood ves-
sels.

[0046] It is contemplated that the infusion wire of the
second preferred embodiment will be supplied in one or
more overall length from 145 cm - 175 cm, for example,
and with designated infusion lengths of the distal infu-
sion wire portion 14, e.g., 3.0 cm, 6.0 cm, 9.0 cm and
12.0 cm, for example. It is also contemplated that the
length of the proximal inner sheath section 106 will be
fixed at about 82.5 cm, for example, regardless of the
overall length or the infusion segment length. Conse-
quently, the length of the distal inner sheath section 108
will vary depending on the overall length of the infusion
wire 10" and the distal infusion wire portion 14.

[0047] Turningto FIG. 11, it depicts the distal end por-
tion of the infusion wire 10" wherein the distal core wire
end 60 is preferably welded to the distal end turns of the
wire coil 40 and the platinum marker tube 46 forming
attachment ball 44. FIG. 11 also shows varying the pitch
of the distal wire coil through at least a distal section of
the length of the distal infusion wire portion 14 to distrib-
ute infusate more evenly to the plurality of longitudinally
spaced apart infusion ports 54,,. The plurality "n" of in-
fusion ports 54,, are distributed in a pattern, e.g. one or
more spiral pattern extending around the circumference
of the outer sheath 50. The infusion ports 54, are dis-
tributed over an infusion length extending along a distal
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section of the distal infusion wire portion between the
junction 36 and the welded attachment ball 44. Assum-
ing that the infusion ports 54,, are equally sized, the in-
fusate delivered under pressure through the infusion lu-
men 34 has the tendency to exit in greatest volume
through the most proximal infusion ports 54, so that the
volume of infusate fluids delivered along the infusion
length diminishes distally. Moreover, the pressure of the
infusate within the infusion lumen 34 decreases distally
as the infusate fluid escapes through the more proximal
infusion ports 54,,.

[0048] As described above, the flexible, elongated,
helically wound, wire coil 40 has a distal coil lumen 42
formed therein extending distally from the intermediate
junction 36 through the distal infusion wire portion 14 to
the infusion wire distal end 18 where it is obstructed by
the attachment ball 44. The wire coil 40 has a proximal
wire coil section 78 and a distal wire coil section 80. The
proximal wire coil section 78 is close wound at a close
coil winding pitch so that the most proximal adjacent
turns contact one another. In this particular illustrated
embodiment, the above-described radiopaque, plati-
num marker wire coil 48 is also intertwined between
turns of the wire coil 40 in the proximal wire coil, section
78 in a close wound manner. The proximal wire coil sec-
tion 78 and the intertwined marker wire coil 48 are re-
ceived within the distal end opening of the distal inner
sheath section 108 at the junction 36.

[0049] In accordance with this aspect of the present
invention, coil wire turns in the distal wire coil section 80
are space wound at a space wound coil pitch that in-
creases the spacing between adjacent coil turns distally.
This distally increasing spacing is provided so that the
volume of infusate delivered between the coil turns can
increase distally to distally bias the flow of infusate be-
tween the spaced turns and equalize infusate pressure
along the infusion lumen 34 and infusate volume deliv-
ered through the infusion ports 54,. To this end, the
proximal coil wire turns in the distal wire coil section 80
are initially spaced apart by a narrow coil spacing 82
which may be on the order of about 0.0005 inches to
0.0008 inches, for example. The coil spacing is in-
creased distally to an intermediate coil spacing 84,
which may be on the order of 0.0025 cm (0.0010 inches)
for example, and to a distal coil spacing 86, which may
be on the order of about 0.0015 inches or greater, for
example, depending on the overall length of the distal
wire coil section 80. The coil spacing increase distally
may be continuous or stepped and tailored to accom-
plish a predetermined flow rate of infusate fluids flowing
through the spacings between the space wound coil
turns and then from the plurality of infusion ports 54,,.
[0050] The third feature comprising changing the
shape of the stiffening core wire 56 in the distal infusion
wire portion 14 from the single continuous taper of the
first embodiment to a stepped double taper to increase
the flexibility of a distal section thereof, to increase the
cross-section infusion area of the infusion lumen 34 dis-
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tally, and to improve resistance to kinking of the core
wire 56 just distally of the intermediate junction 36 is
shown in FIG. 12. The elongated stiffening core wire 56
having a proximal core wire end 58 and a distal core
wire end 60 is positioned within the infusion lumen 34
to extend therein from the proximal infusion wire end 16
to the distal infusion wire end 18 as shown in FIGs. 1 -
3 and 11. The core wire 56 comprises a proximal core
wire portion 88 and a distal core wire portion 90 extend-
ing in an overall length of about 60.0 inches or 81.0 inch-
es, depending on the overall length of the infusion wire
10. The proximal core wire portion 88 extends the length
of the proximal infusion wire portion 12.

[0051] The proximal core wire portion 88 is formed
with a proximal core wire portion diameter 100 smaller
than the diameter of the inner sheath lumen 30. The
proximal core wire portion diameter 100 at the junction
with the distal core wire portion 90 is preferably on the
order of about 0.035 cm (0.0130 inches) for example.
The distal core wire portion 90 is further formed of a
proximal core wire section 92 of about 8.9 cm (3.50 inch-
es) in length, for example, and a distal core wire section
94 of about 6.35 cm (2.50 inches) in length, for example.
The proximal core wire section 92 is formed with a con-
stant proximal core wire section diameter 102 that is
smaller than the proximal core wire portion 88, prefera-
bly on the order of about 0.023 cm (0.0090 inches), for
example. The distal core wire section 94 is preferably
formed with a constant distal core wire section diameter
104 that is smaller than the proximal core wire section
diameter 102, preferably on the order of about 0.014 cm
(0.0055) inches for example.

[0052] A proximal core wire transition zone 96 ex-
tends between the proximal core wire portion 88 and the
proximal core wire section 92 of the distal core wire por-
tion 90 for a length of about 1.9 inches, for example. The
proximal core wire transition zone is 96 tapered to pro-
vide a reduction in diameter of the core wire 56 from the
proximal core wire portion diameter 100 to the proximal
core wire section diameter 102. Similarly, a distal core
wire transition zone 98 extends between the proximal
core wire section 92 and the distal core wire section 94
for a length of about 1.04 cm (0.41 inches), for example.
The distal core wire transition zone 98 is tapered to pro-
vide a reduction in diameter of the core wire 56 from the
proximal core wire section diameter 102 to the distal
core wire section diameter 104.

[0053] In this manner, the cross-section area of the
infusion lumen 34 increases distally through the distal
infusion wire portion 14 in a step-wise manner, as op-
posed to the continuous manner in the first embodiment.
The proximal core wire transition zone 96 and the prox-
imal core wire section 92 are positioned to bridge the
intermediate junction 36 and provide an increasing flex-
ibility distally that lessens the tendency of the distal in-
fusion wire portion to kink when bent distally of the in-
termediate junction 36. The distal core wire transition
zone 98 and the reduced diameter distal core wire sec-
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tion 94 allow them to be manually curved to form a bend
in the most distal section of the distal infusion wire por-
tion 14 to aid in steering it through tortuous blood ves-
sels. In both embodiments, the distally increasing cross-
section area of the infusion lumen 34 encourages flow
of infusate fluids distally to contribute to an even distri-
bution of infused fluids through the plurality of infusion
ports 54,,.

[0054] The resulting net cross-section area of the in-
fusion lumen 34 within the improved infusion wire 10'
and the distally increasing wire coil spacings allow a flow
rate exceeding or comparable to the flow rate of the in-
fusion wire 10 of the first embodiment and is relatively
uniform along the infusion length. For example, the flow
rates for room temperature water at 689 kPascals (100
psi) are specified for the following differing infusion
lengths:

3.0cm 37.8 cc/min
6.0 cm 39.4 cc/min
9.0 cm 39.2 cc/min
12.0 cm | 38.8 cc/min

[0055] In use of the infusion wire 10', both slow drip,
i.e., weeping, infusion and spray infusion may be effect-
ed. The improved infusion wire 10" is further specified
to withstand pressures of up to 2413 kPascals (350 psi)
without bursting or tip leakage.

[0056] While a number of preferred embodiments of
the invention and variations thereof have been de-
scribed in detail, other modifications and methods of us-
ing and medical applications for the same will be appar-
ent to those of skill in the art.

Claims

1. Aflexible elongated medical infusion wire (10, 10"
having a proximal infusion wire portion (12) and a
distal infusion wire portion (14) extending between
an infusion wire proximal end (16) and an infusion
wire distal end (18) adapted for introduction through
a selected path in a patient's body to a site in a blood
vessel or body cavity and for infusing infusate fluids
into the blood vessel or body cavity comprising:

an inner sheath (24, 24') having an inner sheath
lumen (30) formed therein, said inner sheath
(24) extending from said infusion wire proximal
end (16) and distally through said proximal in-
fusion wire portion (12) to an intermediate junc-
tion (36) of said proximal infusion wire portion
(12) with said distal infusion wire portion (14);
a helically wound, wire coil (40) having a distal
coil lumen (42) formed therein extending distal-
ly from said intermediate junction (36) through
said distal infusion wire portion (14) to said in-
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fusion wire distal end (18), said wire coil (40)
having a proximal wire coil section (78) and a
distal wire coil section (80), said proximal wire
coil section (78) close wound at a close coil
winding pitch and said distal wire coil section
(80) space wound at a varying coil pitch to pro-
vide distally increasing coil spacings between
adjacent coil turns;

an outer sheath (50) extending between said
proximal infusion wire end (16) and said distal
infusion wire end (18) having an outer sheath
lumen (52) formed therein for receiving said in-
ner sheath (24, 24') in a proximal outer sheath
portion thereof and for receiving said wire coil
(40) in a distal outer sheath portion thereof such
that said inner sheath lumen (30) and said coil
lumen (42) are substantially co-axially aligned
at said intermediate junction (36) and define an
infusion lumen (34) having an infusion lumen
diameter;

an elongated stiffening core wire (56) having a
core wire diameter less than said infusion lu-
men diameter positioned within said infusion lu-
men (34) to extend therein from a proximal core
wire end (58) at said proximal infusion wire end
(16) to a distal core wire end (60) at said distal
infusion wire end (18), said core wire being ta-
pered in cross-section distally in said distal in-
fusion wire portion (14) thereby increasing the
cross-section area of said infusion lumen (34)
distally in said distal infusion wire portion (14);
means (20) engaging said proximal core wire
end (58) and the proximal ends of said outer
sheath (50) and said inner sheath (24, 24") for
introducing the infusate fluid into the infusion
lumen (34) at the infusion wire proximal end
(16) and for transmitting the infusate fluid dis-
tally through said infusion lumen (34) to the dis-
tal infusion wire portion (14); and

a plurality of infusion ports (54,,) extending from
said infusion lumen (34) through the side wall
of said outer sheath (50), the infusion ports
(54,,) spaced apart from one another and dis-
tributed along said distal outer sheath portion
for allowing emission of infusate fluids transmit-
ted distally through said infusion lumen (34)
and through the distally increasing coil spac-
ings between the space wound coil turns of said
distal wire coil section (80) out through said plu-
rality of infusion ports (54,)) to the exterior of
said distal outer sheath portion, the distribution
of said plurality of infusion ports (54,)), the dis-
tally increasing cross-section of the infusion lu-
men (34) and the distally increasing coil spac-
ings between adjacent coil turns accomplishing
a predetermined even emission of infusate fluid
through said plurality of infusion ports (54,)) to
the exterior of said distal outer sheath portion.
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10

2,

The infusion wire (10,10") of Claim 1, wherein said
core wire (56) further comprises a proximal core
wire portion (88) and a distal core wire portion (90),
said proximal core wire portion formed with a prox-
imal core wire portion diameter (100) smaller than
the diameter of said inner sheath lumen (30), said
distal core wire portion (90) further formed of a prox-
imal core wire section (92) and a distal core wire
section (94), said proximal core wire section (92)
formed with a proximal core wire section diameter
(102) smaller than said proximal core wire portion
diameter (100), and said distal core wire section
(94) formed with a distal core wire section diameter
(104) smaller than said proximal core wire section
diameter(102), thereby increasing the cross-sec-
tion area of said infusion lumen (34) distally.

The infusion wire (10,10") of Claim 2, wherein said
core wire (56) further comprises a proximal core
wire transition zone (96) extending between said
proximal core wire portion (88) and said proximal
core wire section (92) of said distal core wire portion
(90) tapered in cross-section to reduce the diameter
of said core wire (56) from said proximal core wire
portion diameter (100) to said proximal core wire
section diameter (102), said proximal core wire
transition zone (96) and proximal core wire section
(92) dimensioned to resist bending force tending to
kink said distal infusion wire portion (14) distally to
said intermediate junction(36).

The infusion wire (10,10") of Claim 3, wherein said
core wire (56) further comprises a distal core wire
transition zone (98) extending between said proxi-
mal core wire section (92) and said distal core wire
section (94) tapered in cross-section to reduce the
diameter of said core wire (56) from said proximal
core wire section diameter (102) to said distal core
wire section diameter (104), said distal core wire
transition zone (98) and distal core wire section (94)
dimensioned to allow a curvature to be formed in
said distal infusion wire portion (14) distally to said
intermediate junction (36).

The infusion wire (10') of any of the Claims 1-4,
wherein said inner sheath (24") is formed at least in
part of a wire reinforced, polyimide tube (72, 74, 76)
providing resistance to collapse of the inner sheath
(24") through the proximal infusion wire portion (12)
in use of the infusion wire (10").

The infusion wire (10') of any of the Claims 1-4,
wherein said inner sheath (24') comprises a proxi-
mal inner sheath section (106) formed of wire rein-
forced, polyimide tube comprising a flattened wire
(72) that is space wound into a coiled wire and em-
bedded within a polyimide material (74, 76) and a
distal inner sheath section (108) formed of polyim-
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ide tube (74, 76).

The infusion wire (10,10'") of any of the Claims 1-6,
further comprising:

means (44) for attaching said distal core wire
end (60) to the distal end of said wire coil (40).

The infusion wire (10,10") of any of the Claims 1-7,
further comprising radiopaque means (48) dis-
posed in coaxial alignment with said inner sheath
(24, 24") and said distal wire coil (40) within said out-
er sheath lumen.

The infusion wire (10,10'") of any of the Claims 1-8,
wherein:

said distal wire coil (40) is formed with at least
a plurality of spacings between adjacent coil
turns thereof in at least a portion adjacent to the
proximal wire coil end thereof; and further com-
prising:

a radiopaque wire coil (48) having a plural-
ity of coil turns and a further inner coil lu-
men formed therein, said plurality of coil
turns disposed within a like plurality of the
spacings between adjacent distal wire coil
turns and maintained in coaxial alignment
therewith such that said distal coil lumen
(42) and said further coil lumen are sub-
stantially co-axially aligned with said infu-
sion lumen (34).

Patentanspriiche

1.

Flexibler, langlicher medizinischer Infusionsdraht
(10, 10") mit einem proximalen Infusionsdrahtab-
schnitt (12) und einem distalen Infusionsdrahtab-
schnitt (14), die sich zwischen einem proximalen In-
fusionsdrahtende (16) und einem distalen Infusi-
onsdrahtende (18) erstrecken, der zur Einfiihrung
durch einen ausgewahlten Weg in den Kdrper eines
Patienten zu einer Stelle in einem Blutgefal oder
einer Koérperhohle zur Infusion von Infusat-Flussig-
keiten in das Blutgefal} oder die Kérperhohle aus-
gebildet ist, umfassend:

einen Innenhiilse (24, 24') mit einem darin ge-
bildeten Innenhiilsenlumen (30), wobei sich die
Innenhulse (24) von dem proximalen Infusions-
drahtende (16) distal tGiber den proximalen In-
fusionsdrahtabschnitt (12) zu einer Zwischen-
verbindung (36) des proximalen Infusions-
drahtabschnitts (12) mit dem distalen Infusi-
onsdrahtabschnitt (14) erstreckt;

eine schraubenférmig gewickelte Drahtspule
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(40) mit einem darin gebildeten distalen Spu-
lenlumen (42), das sich distal von der Zwi-
schenverbindung (36) Uber den distalen Infusi-
onsdrahtabschnitt (14) zu dem distalen Infusi-
onsdrahtende (18) erstreckt, wobei die Draht-
spule (40) einen proximalen Drahtspulenab-
schnitt (78) und einen distalen Drahtspulenab-
schnitt (80) aufweist, von denen der proximale
Drahtspulenabschnitt (78) eng mit einem en-
gen Spulenwickelschritt gewickelt ist und der
distale Drahtspulenabschnitt (80) mit Abstand
in variierender Schrittweite gewickelt ist, um di-
stal zunehmende Spulenabstdnde zwischen
benachbarten Spulenwindungen zu erhalten;
eine Aufenhiilse (50), die sich zwischen dem
proximalen Infusionsdrahtende (16) und dem
distalen Infusionsdrahtende (18) erstreckt und
ein darin gebildetes Auflenhiilsenlumen (52)
zur Aufnahme der Innenhiilse (24, 24") in einem
proximalen Auflienhllsenabschnitt der Auflen-
hilse und zur Aufnahme der Drahtspule (40) in
einem distalen Auenhilsenabschnitt der Au-
Renhulse aufweist, derart, daf} das Innenhil-
senlumen (30) und das Spulenlumen (42) im
wesentlichen koaxial an der Zwischenverbin-
dung (36) ausgerichtet sind und ein Infusions-
lumen (34) mit einem Infusionslumendurch-
messer bilden;

einen langlichen Versteifungskerndraht (56)
mit einem Kerndrahtdurchmesser, der geringer
ist als der Infusionslumendurchmesser, wel-
cher innerhalb des Infusionslumens (34) ange-
ordnet ist und sich darin von einem proximalen
Kerndrahtende (58) an dem proximalen Infusi-
onsdrahtende (16) zu einem distalen Kerndrah-
tende (60) an dem distalen Infusionsdrahtende
(18) erstreckt, wobei der Kerndraht in dem di-
stalen Infusionsdrahtabschnitt (14) sich distal
im Querschnitt verengend ausgebildet ist und
dadurch die Querschnittsflache des Infusions-
lumens (34) distal in dem distalen Infusions-
drahtabschnitt (14) vergréRert;

eine Anordnung (20) im Eingriff mit dem proxi-
malen Kerndrahtende (58) und den proximalen
Enden der AuBenhiilse (50) und der Innenhiil-
se (24, 24") zur Einleitung der Infusat-Flissig-
keit in das Infusionslumen (34) an dem proxi-
malen Infusionsdrahtende (16) und zur Uber-
tragung der Infusat-FlUssigkeit distal durch das
Infusionslumen (34) zu dem distalen Infusions-
drahtabschnitt (14); und

mehrere Infusionséffnungen (54,), die sich von
dem Infusionslumen (34) durch die Seitenwand
der AuRenhlse (50) erstrecken, wobei die In-
fusionséffnungen (54,,) voneinander beabstan-
det und langs des distalen Auflenhilsenab-
schnitts verteilt sind, um ein Austreten von In-
fusat-FlUssigkeiten, die distal durch das Infusi-
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onslumen (34) ubertragen werden, und durch
die distal zunehmenden Spulenabsténde zwi-
schen den mit Abstand gewickelten Spulenwin-
dungen des distalen Drahtspulenabschnitts
(80) heraus durch die mehreren Infusionsoff-
nungen (54,) zur Aullenseite des distalen Au-
Renhllsenabschnitts zu erlauben, und wobei
die Verteilung der mehreren Infusionséffnun-
gen (54,), der distal zunehmende Querschnitt
des Infusionslumens (34) und die distal zuneh-
menden Spulenabstande zwischen benach-
barten Spulenwindungen einen vorbestimmten
gleichmaRigen Austritt von Infusat-Flussigkeit
durch die mehreren Infusionséffnungen (54,))
zur AuBenseite des distalen Auf3enhilsenab-
schnitts erzielen.

Infusionsdraht (10, 10") nach Anspruch 1, bei dem
der Kerndraht (56) ferner einen proximalen Kern-
drahtabschnitt (88) und einen distalen Kerndraht-
abschnitt (90) aufweist, von denen der proximale
Kerndrahtabschnitt mit einem proximalen Kern-
drahtabschnittsdurchmesser (100) ausgebildet ist,
der kleiner ist als der Durchmesser des Innenhul-
senlumens (30), der distale Kerndrahtabschnitt (90)
ferner aus einem proximalen Kerndrahtabschnitt
(92) und einem distalen Kerndrahtabschnitt (94) ge-
bildet ist, von denen der proximale Kerndrahtab-
schnitt (92) mit einem proximalen Kerndrahtab-
schnittsdurchmesser (102) ausgebildet ist, der klei-
ner ist als der proximale Kerndrahtabschnittsdurch-
messer (100), und der distale Kerndrahtabschnitt
(94) mit einem distalen Kerndrahtabschnittsdurch-
messer (104) ausgebildet ist, der kleiner ist als der
proximale Kerndrahtabschnittsdurchmesser (102),
wodurch die Querschnittsflache des Infusionslu-
mens (34) distal zunimmt.

Infusionsdraht (10, 10') nach Anspruch 2, bei dem
der Kerndraht (56) ferner eine proximale Kerndraht-
Ubergangszone (96) umfafdt, die sich zwischen dem
proximalen Kerndrahtabschnitt (88) und dem proxi-
malen Kerndrahtabschnitt (92) des distalen Kern-
drahtabschnitts (90) erstreckt, dessen Querschnitt
sich verjiingt, um den Durchmesser des Kerndrahts
(56) von dem proximalen Kerndrahtabschnitts-
durchmesser (100) zu dem proximalen Kerndraht-
abschnittsdurchmesser (102) zu reduzieren, wobei
die proximale Kerndrahtiibergangszone (96) und
der proximale Kerndrahtabschnitt (92) so dimensio-
niert sind, dal® sie einer Biegekraft wiederstehen,
die dazu neigt, den distalen Infusionsdrahtabschnitt
(14) distal gegeniiber der Zwischenverbindung (36)
zu knicken.

Infusionsdraht (10, 10") nach Anspruch 3, bei dem
der Kerndraht (56) ferner eine distale Kerndraht-
Ubergangszone (98) umfaldt, die sich zwischen dem
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proximalen Kerndrahtabschnitt (92) und dem dista-
len Kerndrahtabschnitt (94) erstreckt und sich im
Durchmesser verjiingt, um den Durchmesser der
Kerndrahts (56) von dem proximalen Kerndrahtab-
schnittsdurchmesser (102) zu dem distalen Kern-
drahtabschnittsdurchmesser (104) zu verringern,
wobei die distale Kerndrahtlibergangszone (98)
und der distale Kerndrahtabschnitt (94) so dimen-
sioniert sind, dal} sie eine Krimmung des distalen
Infusionsdrahtabschnitts (14) distal gegentiber der
Zwischenverbindung (36) zulassen.

Infusionsdraht (10') nach einem der Anspriiche 1
bis 4, bei dem die Innenhiilse (24') wenigstens teil-
weise aus einer drahtverstarkten Polyimidrohre
(72, 74, 76) gebildet ist, die die Innenhdlse (24')
Uber den proximalen Infusionsdrahtabschnitt (12)
bei Benutzung des Infusionsdrahts (10') wider-
standsfahig gegenlber einem Zusammenfallen
macht.

Infusionsdraht (10') nach einem der Anspriiche 1
bis 4, bei dem die Innenhlilse (24') einen proximalen
Innenhilsenabschnitt (106) umfalt, der aus einer
drahtverstérkten Polyimidréhre gebildet ist, welche
einen abgeflachten Draht (72) umfaf3t, der mit Ab-
stand zu einem spulenférmigen Draht gewickelt und
in ein Polyimidmaterial (74, 76) eingebettet ist, so-
wie einen distalen Innenhllsenabschnitt (108), der
aus einer Polyimidréhre (74, 76) gebildet ist.

Infusionsdraht (10, 10") nach einem der Anspriiche
1 bis 6, ferner umfassend: Mittel (44) zum Anbrin-
gen des distalen Kerndrahtendes (60) an dem di-
stalen Ende der Drahtspule (40).

Infusionsdraht (10, 10") nach einem der Anspriiche
1 bis 7, ferner umfassend eine réntgenstrahlenun-
durchldssige Einrichtung (48), die in koaxialer Aus-
richtung mit der Innenhlse (24, 24') und der dista-
len Drahtspule (40) innerhalb des Auenhilsenlu-
mens angeordnet ist.

Infusionsdraht (10, 10") nach einem der Anspriiche
1 bis 8, bei dem:

die distale Drahtspule (40) mit wenigstens einer
Mehrzahl von Abstanden zwischen ihren be-
nachbarten Spulenwindungen wenigstens in
einem Abschnitt benachbart ihrem proximalen
Drahtspulenende ausgebildet ist; und ferner
umfassend:

eine rontgenstrahlenundurchlassige
Drahtspule (48) mit einer Mehrzahl von
Spulenwindungen und einem darin ausge-
bildeten weiteren Innenspulenlumen, wo-
bei die Mehrzahl von Spulenwindungen in-
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nerhalb einer gleichen Mehrzahl der Ab-
stdnde zwischen benachbarten distalen
Drahtspulenwindungen angeordnet ist und
in koaxialer Ausrichtung damit gehalten
wird derart, dafl3 das distale Spulenlumen
(42) und das weitere Spulenlumen mitdem
Infusionslumen (34) im wesentlichen ko-
axial ausgerichtet sind.

Revendications

1. Aiguille pour perfusion médicale allongée souple
(10, 10") comportant une partie d'aiguille de perfu-
sion proximale (12) et une partie d'aiguille de per-
fusion distale (14) s'étendant entre une extrémité
proximale de l'aiguille de perfusion (16) et une ex-
trémité distale de l'aiguille de perfusion (18) adap-
tée a l'introduction via une voie sélectionnée dans
le corps d'un patient sur le site d'un vaisseau san-
guin ou d'une cavité et a la perfusion de perfusats
dans le vaisseau sanguin ou la cavité, comprenant :

une gaine interne (24, 24') comportant une lu-
miére de gaine interne (30) formant partie inté-
grante, ladite gaine interne (24) s'étendant de-
puis ladite extrémité proximale de l'aiguille de
perfusion (16) et distalement a travers ladite
partie de l'aiguille de perfusion proximale (12)
jusqu'a une jonction intermédiaire (36) de ladite
partie de l'aiguille de perfusion proximale (12)
avec ladite partie de l'aiguille de perfusion dis-
tale (14) ;

une couronne de fil (40) enroulé en hélice com-
portant une lumiere de couronne distale (42)
formant partie intégrante, s'étendant distale-
ment depuis ladite jonction intermédiaire (36) a
travers ladite partie de l'aiguille de perfusion
distale (14) jusqu'a ladite extrémité distale de
I'aiguille de perfusion (18), ladite couronne de
fil (40) comportant une section de couronne de
fil proximale (78) et une section de couronne
de fil distale (80), ladite section de couronne de
fil proximale (78) étant enroulée trés serrée se-
lon un pas d'enroulement de couronne serré et
ladite section de couronne de fil distale (80)
étant enroulée de maniére lache selon un pas
de couronne variable pour fournir des espaces
de couronne augmentant distalement entre les
tours de couronne adjacents ;

une gaine externe (50) s'étendant entre ladite
extrémité de l'aiguille de perfusion proximale
(16) et ladite extrémité de I'aiguille de perfusion
distale (18) comportant une lumiére de gaine
externe (52) formant partie intégrante pour re-
cevoir ladite gaine interne (24, 24') dans sa par-
tie de gaine externe proximale et pour recevoir
ladite couronne de fil (40) dans sa partie de gai-

10

15

20

25

30

35

40

45

50

55

13

ne externe distale de sorte que ladite lumiére
de gain interne (30) et ladite lumiére de couron-
ne (42) sont sensiblement alignées selon le
méme axe avec la jonction intermédiaire (36)
et définissent une lumiére de perfusion (34)
comportant un diamétre de lumiére de
perfusion ;

une tige d'armature de raidissement allongée
(56) dont le diamétre est inférieur au dit diame-
tre de lumiere de perfusion, positionnée dans
ladite lumiére de perfusion (34) pour s'y éten-
dre depuis une extrémité de tige d'armature
proximale (58) au niveau de ladite extrémité de
l'aiguille de perfusion proximale (16) jusqu'a
une extrémité de tige d'armature distale (60) au
niveau de I'extrémité de l'aiguille de perfusion
distale (18), ladite tige d'armature étant coni-
que en coupe transversale distalement dans la-
dite partie d'aiguille de perfusion distale (14) en
augmentant ainsi la coupe transversale de la-
dite lumiére de perfusion (34) distalement dans
ladite partie de l'aiguille de perfusion distale
(14);

un moyen (20) engageant ladite extrémité de
tige d'armature proximale (58) et les extrémités
proximales de ladite gaine externe (50) et de
ladite gaine interne (24, 24') pour introduire le
perfusat dans la lumiére de perfusion (34) au
niveau de I'extrémité proximale de l'aiguille de
perfusion (16) et transmettre le perfusat dista-
lement a travers ladite lumiere de perfusion
(34) jusqu'a la partie de l'aiguille de perfusion
distale (14) ; et

une pluralité d'orifices de perfusion (54,)
s'étendant depuis ladite lumiere de perfusion
(34) a travers la paroi de ladite gaine externe
(50), les orifices de perfusion écartés (54,,) les
uns des autres et répartis le long de ladite partie
de gaine externe distale pour permettre I'émis-
sion de perfusats transmis distalement via la-
dite lumiére de perfusion (34) et via les espaces
de couronne croissant distalement entre les
tours de couronne enroulés de maniére lache
de ladite section de couronne de fil distale (80)
via ladite pluralité d'orifices de perfusion (54,,)
vers |'extérieur de ladite partie de gaine externe
distale, la répartition de ladite pluralité d'orifices
de perfusion (54,,), la coupe transversale aug-
mentant distalement de la lumiére de perfusion
(34) et les espaces de couronne augmentant
distalement entre les tours de couronne adja-
cents effectuant une émission réguliére prédeé-
finie de perfusat via ladite pluralité d'orifices de
perfusion (54,) vers I'extérieur de ladite partie
de gaine externe distale.

2. Aiguille de perfusion (10, 10') de la revendication 1,
dans laquelle ladite tige d'armature (56) comprend
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également une partie de tige d'armature proximale
(88) et une partie de tige d'armature distale (90),
ladite partie de tige d'armature proximale ayant un
diametre de partie de tige d'armature proximale
(100) inférieur au diametre de ladite lumiéere de gai-
ne interne (30), ladite partie de tige d'armature dis-
tale (90) étant formée en outre d'une section de tige
d'armature proximale (92) et d'une section de tige
d'armature distale (94), ladite section de tige d'ar-
mature proximale (92) ayant un diamétre de section
de tige d'armature proximale (102) inférieur au dit
diamétre de la partie de tige d'armature proximale
(100), et ladite section de tige d'armature distale
(94) ayant un diamétre de section de tige d'armatu-
re distale (104) inférieur au dit diamétre de section
de tige d'armature proximale (102), en augmentant
ainsi distalement la coupe transversale de ladite lu-
miére de perfusion (34).

Aiguille de perfusion (10, 10") de la revendication 2,
dans laquelle ladite tige d'armature (56) comprend
en outre une zone de transition de tige d'armature
proximale (96) s'étendant entre ladite partie de tige
d'armature proximale (88) et ladite section de tige
d'armature proximale (92) de ladite partie de tige
d'armature distale (90) conique en coupe transver-
sale pour réduire le diamétre de ladite tige d'arma-
ture (56) depuis ledit diamétre de la partie de tige
d'armature proximale (100) jusqu'au dit diamétre de
section de tige d'armature proximale (102), lesdites
zone de transition de tige d'armature proximale (96)
et section de tige d'armature proximale (92) étant
dimensionnées pour résister a la force de pliage
tendant a former des coques sur la partie de
l'aiguille de perfusion distale (14) distalement par
rapport a ladite jonction intermédiaire (36).

Aiguille de perfusion (10, 10") de la revendication 3,
dans laquelle ladite tige d'armature (56) comprend
en outre une zone de transition de tige d'armature
(98) s'étendant entre ladite section de tige d'arma-
ture proximale (92) et ladite section de tige d'arma-
ture distale (94) conique en coupe transversale
pour réduire le diamétre de ladite tige d'armature
(56) depuis ledit diamétre de section de tige d'ar-
mature proximale (102) jusqu'au dit diamétre de la
section de tige d'armature distale (104), lesdites zo-
ne de transition de tige d'armature distale (98) et
section de tige d'armature distale (94) étant dimen-
sionnées pour permettre la formation d'une courbu-
re dans ladite partie de l'aiguille de perfusion distale
(14) distalement par rapport a ladite jonction inter-
médiaire (36).

Aiguille de perfusion (10') de I'une quelconque des
revendications 1 a 4, dans laquelle ladite gaine in-
terne (24') est formée, au moins en partie, d'un tube
en polyimide renforcé pour aiguille (72, 74, 76) pro-
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curant une résistance a I'effondrement de la gaine
interne (24') dans la partie de perfusion proximale
(12) au cours de I'utilisation de l'aiguille de perfusion
(10Y.

Aiguille de perfusion (10") de I'une quelconque des
revendications 1 a 4, dans laquelle ladite gaine in-
terne (24') comprend une section de gaine interne
proximale (106) constituée d'un tube en polyimide
renforcé pour aiguille comprenant un fil aplati (72)
enroulé de maniére lache dans un fil en couronne
etintégré a un matériau en polyimide (74, 76) etune
section de gaine interne distale (108) formée d'un
tube en polyimide (74, 76).

Aiguille de perfusion (10, 10") de l'une quelconque
des revendications 1 a 6, comprenant en outre un
moyen (44) permettant de fixer ladite extrémité de
tige d'armature distale (60) a I'extrémité distale de
ladite couronne de fil (40).

Aiguille de perfusion (10, 10") de l'une quelconque
des revendications 1 a 7, comprenant en outre un
moyen radio-opaque (48) aligné selon le méme axe
avec ladite gaine interne (24, 24') et ladite tige d'ar-
mature distale (40) dans ladite lumiére de gaine ex-
terne.

Aiguille de perfusion (10, 10") de l'une quelconque
des revendications 1 a 8, dans laquelle :

ladite couronne de fil distale (40) est formée
d'au moins une pluralité d'espaces entre ses
tours de couronne adjacents dans au moins
une partie adjacente a son extrémité de cou-
ronne de fil proximale, et comprenant en outre :

une couronne de fil radio-opaque (48)
comportant une pluralité de tours de cou-
ronne et une lumiére de couronne interne
supplémentaire formant partie intégrante,
ladite pluralité de tours de couronne étant
placée dans une pluralité similaire d'espa-
ces entre les tours de couronne de fil dis-
taux adjacents et maintenus alignés selon
le méme axe de sorte que ladite lumiére de
couronne distale (42) et que ladite lumiere
de couronne supplémentaire sont sensi-
blement alignées selon le méme axe avec
ladite lumiére de perfusion (34).
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