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© (57) Abstract: A wall (39) of a catheter (38) (a) includes a braided portion (41) having an outer surface (45), an inner surface (47),
and a braided interior (53) between the outer and inner surfaces (45, 47), and (b) is shaped to define first and second longitudin

v ally-running channels (27a, 27b) therethrough. A distal portion of the catheter (38) is shaped to define first and second lateral open -

o ings (26a, 26b). An angle between (a) a first line (76) running between the first and second lateral openings (26a, 26b), and (b) a
second line (78) that is parallel to a central longitudinal axis of the catheter (38) when the catheter (38) is straight, is between 30 and

o 150 degrees. A flexible longitudinal member (14) passes from a proximal portion of the catheter (38) to the distal portion via the first
channel (27a), out of the first channel (27a) via the first lateral opening (26a), into the second channel (27b) via the second lateral
opening (26b), and from the distal portion to the proximal portion via the second channel (27b).



FOSSA QVALIS PENETRATION

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application (a) claims priority from and is a continuation-in-part of US

Application 14/513,435 to Sapir et al., filed October 14, 2014, and (b) claims priority

from US Provisional Application 62/095,150, filed December 22, 2014, both of which are

assigned to the assignee of the present application and are incorporated herein by

reference.

FIELD OF THE INVENTION

The present invention relates in general to apparatus and methods for delivering

therapeutic devices to the left ventricle of the heart. More specifically, the present

invention relates to apparatus and methods for penetrating the fossa ovalis for the purpose

of delivering therapeutic devices.

BACKGROUND

Various pathologies call for the delivery of therapeutic devices, e.g., valve repair

or valve replacement devices, to the left atrium or left ventricle of the heart (i.e., the left

side of the heart). In many applications, therapeutic devices are delivered to the left side

of the heart by being passed through the vena cava, into the right atrium, and through the

interatrial septum. Such delivery calls for apparatus and methods for puncturing the

interatrial septum. In many applications, the desired site for puncture lies in the fossa

ovalis, a region of the septum containing tissue of lesser thickness than is typical of the

rest of the septum.

SUMMARY OF THE INVENTION

Applications of the present invention include apparatus for puncturing a fossa

ovalis. The apparatus includes a catheter shaped to define a catheter lumen. The wall of

the catheter includes a braided portion, and is shaped to define first and second

longitudinally-running channels therethrough. A distal portion of the catheter is shaped to

define first and second lateral openings, which are typically approximately equidistant

from the distal end of the catheter. A wire passes through the first channel, out of the first

channel via the first lateral opening, into the second channel via the second lateral



opening, and through the second channel. The wire is deployed, i.e., pushed out of the

catheter, such that the deployed portion of the wire is loop-shaped. The wire facilitates

finding the fossa ovalis, and/or stabilizing the catheter as the fossa ovalis is punctured.

Applications of the present invention also include a catheter that has a wall having

both a braided portion and an unbraided portion. A reinforcing tube at least partially

surrounds the unbraided portion of the catheter wall. A control handle surrounds the

catheter such that (a) all of the catheter wall that is distal to a distal end of the control

handle comprises the braided portion, and (b) at least 10% of the catheter wall that is

proximal to the distal end of the control handle comprises the unbraided portion.

Applications of the present invention also include various types of hollow needles

having flexible distal portions.

In general, apparatus and methods described herein can also be used to penetrate

other body orifices. (In this context, penetration of the body orifice might not include

puncturing with a puncturing element, as is typically the case for the fossa ovalis.) For

example, apparatus and methods described herein can be used to pass a catheter and/or a

therapeutic device through the coronary sinus ostium and into the coronary sinus.

Furthermore, apparatus and methods described herein can also be used to locate an

opening, natural or manmade, in a portion of anatomy. For example, apparatus and

methods described herein can be used to locate the coronary sinus ostium, a natural

opening in the fossa ovalis, or a puncture in the fossa ovalis. In some applications,

apparatus described herein may be further configured to deliver a plug (e.g., an

AmplatzerTM) o other such stopping device, to the opening.

There is therefore provided, in accordance with some applications of the present

invention, apparatus including:

a catheter shaped to define a catheter lumen,

a wall of which catheter (a) comprising a braided portion having an outer

surface, an inner surface, and a braided interior between the outer and inner

surfaces, and (b) being shaped to define a first longitudinally -running channel

therethrough and a second longitudinally-running channel therethrough, and

a distal portion of which catheter being shaped to define a first lateral

opening and a second lateral opening, an angle between (a) a first line running

between the first and second lateral openings, and (b) a second line that is parallel



to a central longitudinal axis of the catheter when the catheter is straight, being

between 30 and 150 degrees; and

a flexible longitudinal member that passes (a) from a proximal portion of the

catheter to the distal portion of the catheter via the first channel, (b) out of the first

channel via the first lateral opening, (c) into the second channel via the second lateral

opening, and (d) from the distal portion of the catheter to the proximal portion of the

catheter via the second channel.

In some applications, the angle between the first and second lines is between 60

and 120 degrees. In some applications, the angle between the first and second lines is

between 80 and 100 degrees.

In some applications, the first and second openings are separated from one another

by an angle of 170-190 degrees measured along a circumference of the catheter.

In some applications, the apparatus further includes a needle shaped to be slidably

disposed within the catheter lumen.

In some applications, the apparatus further includes:

a dilator element shaped to be slidably disposed within the catheter lumen, the

dilator element being shaped to define a dilator lumen; and

a dilator tip disposed at a distal end of the dilator element, the dilator tip being

configured to dilate an opening created by the needle.

In some applications, the needle is shaped to be slidably disposed within the

dilator lumen.

For some applications, the needle is hollow, and includes (a) a proximal portion,

and (b) a helical distal portion, and the apparatus further includes a fluid-impermeable

cover surrounding the helical distal portion of the needle.

For some applications, the needle is hollow, and includes (a) a proximal portion,

and (b) a distal portion that is more flexible than the proximal portion, and the apparatus

further includes a fluid-impermeable cover surrounding the distal portion of the needle.

For some applications, the needle is hollow, and includes (a) a proximal portion,

and (b) a distal portion including a wall that is shaped to define a plurality of openings

that pass completely therethrough, and the apparatus further includes a fluid-impermeable

cover surrounding the distal portion of the needle.



For some applications, the needle is hollow, and includes (a) a proximal portion,

and (b) a distal portion including an elastomeric tube having an outer surface, an inner

surface, and an interior portion between the outer and inner surfaces that is selected from

the group consisting of: a braided metal interior, and a coiled metal interior.

For some applications, the needle is hollow, and includes:

a proximal portion having an outer diameter between 0.7 and 3 mm, a length

between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm; and

a distal portion at least partially made of nitinol, the distal portion having an outer

diameter between 0.5 and 1.5 mm and a length between 30 and 200 mm.

For some applications, the needle is electrically conductive, and wherein the

apparatus further includes:

one or more conductors; and

a controller, which is coupled to the needle by the conductors, and which is

configured to drive the needle to apply energy capable of creating a hole through tissue.

In some applications, the flexible longitudinal member is mechanically resilient.

In some applications, a diameter of the flexible longitudinal member is between

0.1 and 0.5 mm.

In some applications, the flexible longitudinal member includes a wire.

In some applications, the flexible longitudinal member includes a material selected

from the group consisting of: nitinol, stainless steel, and chromium cobalt.

In some applications, the flexible longitudinal member is configured to be

deployed such that, in an absence of any force applied to the deployed portion of the

flexible longitudinal member by an element that is not part of the apparatus, a deployment

angle of the flexible longitudinal member is between 10 and 80 degrees,

the deployment angle being an angle between (a) a vector that is (i) tangent to the

flexible longitudinal member at an exit point of the flexible longitudinal member from the

catheter, and (ii) directed away from the catheter, and (b) a distally-directed vector that is

parallel to a longitudinal axis of the catheter at the exit point.

In some applications, the flexible longitudinal member is configured to be

deployed such that, in the absence of any force applied to the deployed portion of the



flexible longitudinal member by an element that is not part of the apparatus, the

deployment angle is between 30 and 60 degrees.

In some applications, the flexible longitudinal member is radiopaque.

In some applications, the apparatus further includes a plurality of radiopaque

markers coupled to the flexible longitudinal member.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a catheter having a catheter wall that comprises:

a braided portion having an outer surface, an inner surface, and a braided

interior between the outer and inner surfaces; and

an unbraided portion having an unbraided interior;

a control element shaped to surround a proximal portion of the catheter such that

(a) all of the catheter wall that is distal to a distal end of the control element comprises the

braided portion, and (b) at least 10% of the catheter wall that is proximal to the distal end

of the control element comprises the unbraided portion; and

a reinforcing tube at least partially surrounding the unbraided portion.

In some applications,

a wall of the reinforcing tube is shaped to define one or more lateral openings

therethrough,

the catheter wall is shaped to define one or more longitudinally -running channels

therethrough, and

the apparatus further comprises one or more flexible longitudinal members passing

through the lateral openings and through the longitudinally-running channels.

In some applications, the flexible longitudinal members are coupled to the control

element.

In some applications, a length of the braided portion is between 600 and 1000 mm.

In some applications, a length of the unbraided portion is between 250 and 400

mm.

There is further provided, in accordance with some applications of the present

invention, apparatus including:



a hollow needle comprising:

a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a helical distal portion having an outer diameter between 0.5 and 1.5 mm

and a length between 50 and 200 mm; and

a fluid-impermeable cover surrounding the helical distal portion of the needle.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle comprising:

a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a laser-cut distal portion having an outer diameter between 0.5 and 1.5 mm

and a length between 50 and 200 mm; and

a fluid-impermeable cover surrounding the laser-cut distal portion of the needle.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle comprising:

a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a distal portion (a) having an outer diameter between 0.5 and 1.5 mm and a

length between 50 and 200 mm, and (b) comprising a wall that is shaped to define

a plurality of openings that pass completely therethrough; and

a fluid-impermeable cover surrounding the laser-cut distal portion of the needle.

In some applications, the wall of the distal portion of the hollow needle is shaped

to define a plurality of slits therethrough.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle comprising:



a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a distal portion comprising an elastomeric tube having an outer surface, an

inner surface, and an interior portion between the outer and inner surfaces that is

selected from the group consisting of: a braided metal interior, and a coiled metal

interior,

the distal portion having an outer diameter between 0.5 and 1.5 mm and a

length between 50 and 200 mm.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle comprising:

a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a distal portion at least partially made of nitinol, the distal portion having

an outer diameter between 0.5 and 1.5 mm and a length between 50 and 200 mm.

There is further provided, in accordance with some applications of the present

invention, a method for puncturing a fossa ovalis of a heart, the method including:

inserting a catheter into a right atrium of the heart;

advancing a distal portion of the catheter toward the fossa ovalis;

deploying a flexible longitudinal member and a needle from the catheter, such that

(a) a deployed portion of the flexible longitudinal member is loop-shaped, and (b) the

needle is on a first side of the deployed portion of the flexible longitudinal member;

contacting the fossa ovalis with the deployed portion of the flexible longitudinal

member;

passing a distal end of the needle through the deployed portion of the flexible

longitudinal member to a second side of the deployed portion of the flexible longitudinal

member that is opposite the first side, and puncturing the fossa ovalis with the needle; and

while the distal end of the needle is on the second side of the deployed portion of

the flexible longitudinal member, withdrawing the deployed portion of the flexible

longitudinal member toward the catheter.



In some applications, contacting the fossa ovalis with the deployed portion of the

flexible longitudinal member includes contacting an inner perimeter of the fossa ovalis.

In some applications, the method further includes, before contacting the fossa

ovalis with the deployed portion of the flexible longitudinal member, moving the

deployed portion of the flexible longitudinal member along a surface of an interatrial

septum of the heart, until the flexible longitudinal member contacts the fossa ovalis.

In some applications, moving the deployed portion of the flexible longitudinal

member along the surface of the interatrial septum includes moving the deployed portion

of the flexible longitudinal member toward the fossa ovalis from below the fossa ovalis.

In some applications, deploying the flexible longitudinal member includes

deploying the flexible longitudinal member such that a deployment angle of the flexible

longitudinal member is between 10 and 80 degrees,

the deployment angle being an angle between (a) a vector that is (i) tangent to the

flexible longitudinal member at an exit point of the flexible longitudinal member from the

catheter, and (ii) directed away from the catheter, and (b) a distally-directed vector that is

parallel to a longitudinal axis of the catheter at the exit point.

In some applications, deploying the flexible longitudinal member includes

deploying the flexible longitudinal member such that the deployment angle is between 30

and 60 degrees.

In some applications, deploying the flexible longitudinal member from the catheter

includes passing the flexible longitudinal member through two lateral openings at a distal

portion of the catheter.

In some applications, the flexible longitudinal member is radiopaque, and the

method further includes using fluoroscopic imaging to view the flexible longitudinal

member during and after deployment thereof.

In some applications, the method further includes, before puncturing the fossa

ovalis, flexing a distal portion of the needle by steering the catheter.

In some applications, the catheter is a puncture-tool catheter, and inserting the

puncture-tool catheter into the right atrium includes:

inserting a delivery catheter of a left-side therapeutic delivery system into the right

atrium; and



advancing the puncture-tool catheter through the delivery catheter into the right

atrium.

There is further provided, in accordance with some applications of the present

invention, a method for puncturing a fossa ovalis of a heart, the method including:

inserting a catheter into a right atrium of the heart;

advancing the catheter toward an interatrial septum of the heart;

subsequently, inserting a needle into a lumen of the catheter;

flexing a distal portion of the needle by steering the catheter; and

following the flexing of the distal portion of the needle, using the needle to

puncture the fossa ovalis.

In some applications, the catheter is a puncture-tool catheter, and inserting the

puncture-tool catheter into the right atrium includes:

inserting a delivery catheter of a left-side therapeutic delivery system into the right

atrium; and

advancing the puncture-tool catheter through the delivery catheter into the right

atrium.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle including:

a proximal portion; and

a helical distal portion; and

a fluid-impermeable cover surrounding the helical distal portion of the needle.

In some applications, the fluid-impermeable cover fits snugly around the helical

distal portion of the needle.

In some applications, the proximal portion has an outer diameter between 0.7 and

3 mm.

In some applications, the proximal portion has a length between 650 and 1200

mm.

In some applications, the proximal portion has a wall thickness between 0.1 and

0.3 mm.



In some applications, the distal portion has an outer diameter between 0.5 and 1.5

mm.

In some applications, the distal portion has a length between 30 and 200 mm.

In some applications, the distal portion has a length between 30 and 100 mm.

In some applications, the helical distal portion includes a helically-cut tube.

In some applications, the helical distal portion includes one or more coiled wires.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle including:

a proximal portion; and

a distal portion that is more flexible than the proximal portion; and

a fluid-impermeable cover surrounding the distal portion of the needle.

In some applications, the distal portion includes a wall that is cut at one or more

locations between longitudinal ends of the wall.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle including:

a proximal portion; and

a distal portion including a wall that is shaped to define a plurality of

openings that pass completely therethrough; and

a fluid-impermeable cover surrounding the distal portion of the needle.

In some applications, the wall of the distal portion of the hollow needle is shaped

to define 25 - 250 openings.

In some applications, the wall of the distal portion of the hollow needle is shaped

to define a plurality of slits therethrough.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle including:

a proximal portion; and



a distal portion including an elastomeric tube having an outer surface, an

inner surface, and an interior portion between the outer and inner surfaces that is

selected from the group consisting of: a braided metal interior, and a coiled metal

interior.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a hollow needle including:

a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a distal portion at least partially made of nitinol, the distal portion having

an outer diameter between 0.5 and 1.5 mm and a length between 30 and 200 mm.

There is further provided, in accordance with some applications of the present

invention, apparatus including:

a tube shaped to define a tube lumen, a reduced-diameter portion of the tube lumen

that is between 5 and 30 mm of a distal end of the tube having a diameter that is reduced,

relative to a portion of the tube lumen that is proximal to the reduced-diameter portion;

and

a hollow needle, including:

a proximal portion;

a distal portion that is more flexible than the proximal portion;

a distal-most end portion that is distal to the distal portion and is less

flexible than the distal portion, the distal-most end portion including an increased-

diameter portion having a diameter that is greater than another part of the distal-

most end portion,

the diameter of the reduced-diameter portion of the tube lumen being (a) less than

an outer diameter of the increased-diameter portion, and (b) greater than an outer diameter

of the other part of the distal-most end portion.

In some applications, the distal-most end portion has a length between 10 and 30

mm.

In some applications, the increased-diameter portion is disposed at a proximal end

of the distal-most end portion.



In some applications, the outer diameter of the increased-diameter portion is

greater than an outer diameter of the distal portion.

The present invention will be more fully understood from the following detailed

description of applications thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-D are schematic illustrations of apparatus for puncturing a fossa ovalis of

a subject, in accordance with some applications of the present invention;

Figs. 2A-B are schematic illustrations of a cross-section of a wall of a catheter, in

accordance with some applications of the present invention;

Fig. 3 is a schematic illustration of a catheter, in accordance with some

applications of the present invention;

Fig. 4 is a schematic illustration of a method for puncturing the fossa ovalis, in

accordance with some applications of the present invention;

Figs. 5-6 are schematic illustrations of a catheter, in accordance with some

applications of the present invention;

Figs. 7-10 are schematic illustrations of hollow needles having flexible distal

portions, in accordance with some applications of the present invention;

Fig. 11 is a schematic illustration of apparatus used, for example, for fossa ovalis

penetration, in accordance with some applications of the present invention;

Fig. 12 is a schematic illustration of the use of the apparatus described herein in

combination with a left-side therapeutic delivery system, in accordance with an

application of the present invention; and

Fig. 13 is a schematic illustration of a configuration of the apparatus described

herein, in accordance with an application of the present invention.

DETAILED DESCRIPTION OF APPLICATIONS

Reference is now made to Figs. 1A-D, which are schematic illustrations of

apparatus 34 for puncturing a fossa ovalis 18 of a subject, and a method of using

apparatus 34, in accordance with some applications of the present invention. Apparatus



34 comprises a catheter 38, which may also be referred to by those in the field as an

introducer tube. Catheter 38 is shaped to define a catheter lumen 52.

Reference is also made to Figs. 2A-B, which are schematic illustrations of a cross-

section of a wall 39 of catheter 38, in accordance with some applications of the present

invention. Wall 39 comprises a braided portion 4 1 (shown in Fig. 2A), which has an

outer surface 45, an inner surface 47, and a braided interior 53 between outer surface 45

and inner surface 47. Wall 39 also comprises an unbraided portion 43 (shown in cross-

section in Fig. 2B), which is typically disposed proximally to braided portion 41.

(Braided portion 4 1 and unbraided portion 43 are described in more detail hereinbelow

with reference to Figs. 5-6.) Wall 39 is shaped to define a first longitudinally-running

channel 27a and a second longitudinally-running channel 27b therethrough. (Channels

27a and 27b run through both the braided and unbraided portions.) A distal portion of

catheter 38 is shaped to define a first lateral opening 26a and a second lateral opening 26b

(shown in Fig. 1A). A flexible longitudinal member 14 (e.g., a wire) passes (a) from a

proximal portion of the catheter to the distal portion of the catheter via first channel 27a,

(b) out of first channel 27a via first lateral opening 26a, (c) into second channel 27b via

second lateral opening 26b, and (d) from the distal portion of the catheter to the proximal

portion of the catheter via second channel 27b.

Typically, flexible longitudinal member 14 is mechanically resilient, i.e., it does

not readily buckle upon being subjected to a compressive force, as would, for example, a

string. The flexible longitudinal member typically comprises nitinol, stainless steel,

and/or chromium cobalt, and typically has a diameter D that is at least 0.1 mm and/or less

than 0.5 mm.

Catheter 38 is typically inserted into a vein in the pelvic area of the subject (e.g.,

the femoral vein), advanced toward the heart through the inferior vena cava, and inserted

into the right atrium of the subject's heart. (Typically, catheter 38 is contained within the

lumen of a sheath during parts of the insertion and/or withdrawal of the catheter, such as

to reduce the risk of damage to surrounding tissue.) Following the insertion into the right

atrium, the distal portion of catheter 38 is advanced toward interatrial septum 72 of the

heart (Fig. 1A). Subsequently, as shown in Fig. IB, the following two steps are

performed sequentially (in either order), or simultaneously:



(a) A needle 32 is inserted into catheter lumen 52. Needle 32 is shaped to be

slidably disposed within the catheter lumen. Typically, a dilator element 49 shaped so as

to define a dilator lumen is shaped to be slidably disposed within the catheter lumen, and

the needle is shaped to be slidably disposed within the dilator lumen. The needle is

inserted into the dilator lumen, and is advanced up to a tip 16 of the dilator element.

(Although dilator element 49 may also be embodied as a catheter, the present description

refers exclusively to catheter 38—the "introducer tube"—as a catheter.)

(b) Flexible longitudinal member 14 is deployed from the catheter, such that (i) a

deployed portion of the flexible longitudinal member is loop-shaped, and (ii) the needle is

on a first side of the deployed portion of the flexible longitudinal member. Typically, the

flexible longitudinal member is deployed such that a deployment angle theta of the

flexible longitudinal member is at least 10 degrees and/or less than 80 degrees, e.g.,

between 30 and 60 degrees. Deployment angle theta is defined as the angle between (a) a

vector 64 that is tangent to the flexible longitudinal member at an exit point 68 of the

flexible longitudinal member, and is directed away from the catheter, and (b) a distally-

directed vector 66 that is parallel to the longitudinal axis 70 of the catheter at exit point

68. (Exit point 68 is identical to one of openings 26a and 26b.) As described

hereinabove, the flexible longitudinal member is deployed by passing the flexible

longitudinal member through openings 26a and 26b.

The catheter is steered until fossa ovalis 18 (e.g., an inner perimeter of the fossa

ovalis) is contacted with the deployed portion of the flexible longitudinal member, as

shown in Fig. IB. Following the contacting, needle 32 is deployed, typically while within

dilator element 49, as shown in the figure. Further typically, as shown in Fig. 1C, dilator

tip 16 is brought into contact with the fossa ovalis. The needle is then advanced through a

distal opening of the dilator tip and through the fossa ovalis, thus puncturing a hole in the

fossa ovalis. Dilator tip 16 then dilates an opening created by the needle.

As shown in Fig. IB, prior to puncturing the fossa ovalis, the distal end of needle

32 is typically passed through the deployed portion of the flexible longitudinal member to

a second side of the deployed portion of the flexible longitudinal member that is opposite

the first side. (The distal end of the needle is typically passed through the loop while

disposed inside of the dilator element.) Subsequently, while the distal end of the needle is

on the second side of the deployed portion of the flexible longitudinal member, the



deployed portion of the flexible longitudinal member is withdrawn toward the catheter

(Fig. ID).

Typically, catheter 38 is flexibly and/or rotatably steerable via control wires 80

running through control-wire channels 20. The steerability of catheter 38 facilitates better

localization of the desired puncturing point. Furthermore, a distal flexible portion of the

needle (described hereinbelow with reference to Figs. 7-10), while it is inside the catheter

lumen, may be flexed by steering the catheter. Following the flexing of the distal portion

of the needle, the needle is used to puncture the fossa ovalis. The flexing of the needle

facilitates the puncturing of the fossa ovalis at the desired location, and/or at the desired

angle of the needle relative to the fossa ovalis. Furthermore, owing to the flexibility of

the needle, there is generally no need to bend the needle prior to insertion of the needle

into the subject; rather, the needle may be advanced toward the heart of the subject while

in a generally straight position. A straight position is generally preferred over a bent

position, in that it provides for less distortion of the vein (e.g., the femoral vein) through

which the needle is advanced.

Reference is now made to Fig. 3, which is a schematic illustration of catheter 38,

in accordance with some applications of the present invention. Typically, first and second

openings 26a and 26b are disposed at substantially the same distance from the distal end

of the catheter. An advantage of this disposition is that the loop may be deployed in a

forward-facing direction, rather than laterally. For example, an angle alpha between (a) a

first line 76 running between the first and second lateral openings, and (b) a second line

78 that is parallel to a central longitudinal axis of the catheter when the catheter is straight,

may be at least 30 and/or less than 150 degrees, e.g., between 60 and 120 degrees, e.g.,

between 80 and 100 degrees. (An angle alpha of 90 degrees implies that the first and

second openings are disposed at the same distance from the distal end of the catheter.)

Alternatively or additionally, the distance of one opening from the distal end of the

catheter differs by less than 1 cm from the distance of the other opening.

Further typically, the first and second openings are separated from one another by

an angle beta of at least 170 degrees and/or less than 190 degrees (e.g., 180 degrees)

measured along a circumference of the catheter. Thus, when the flexible longitudinal

member is in its withdrawn position, it "occupies" only 170-190 degrees around the

outside surface of the catheter, both prior to deployment and following withdrawal. In



contrast, if beta were farther away from 180 degrees, the withdrawn flexible longitudinal

member might occupy a relatively large angle, either prior to deployment or following

withdrawal. For example, if beta were 90 degrees, the flexible longitudinal member

would typically occupy 270 degrees either prior to deployment or following withdrawal,

if, as described hereinabove with reference to Fig. ID, the deployment and withdrawal of

the flexible longitudinal member are done from/toward opposite sides of the catheter. It is

typically preferred that such a large portion of the flexible longitudinal member not be

disposed outside of the catheter when the flexible longitudinal member is in its withdrawn

position, since the risk of collateral damage to tissue typically increases as more of the

flexible longitudinal member is exposed. The angle beta of 170-190 degrees is thus

advantageous, particularly when the deployment and withdrawal are done from/to

opposite sides of the catheter. (It is noted that for some procedures or for some patients,

an angle beta outside of 170-190 degrees is appropriate.)

Reference is now made to Fig. 4, which is a schematic illustration of a method for

puncturing the fossa ovalis, in accordance with some applications of the present invention.

Before contacting the fossa ovalis with the deployed portion of flexible longitudinal

member 14, the deployed portion of the flexible longitudinal member is moved along a

surface of interatrial septum 72, until the flexible longitudinal member contacts the fossa

ovalis. In some applications, as shown in Fig. 4, the deployed portion of the flexible

longitudinal member is moved toward the fossa ovalis from below the fossa ovalis. In

some applications, the flexible longitudinal member is radiopaque and/or is coupled to a

plurality of radiopaque markers. In such applications, fluoroscopic imaging is used to

view the flexible longitudinal member during and after deployment thereof. For example,

fluoroscopic imaging may be used to view the flexible longitudinal member as it is moved

toward the fossa ovalis, in order to help identify when the flexible longitudinal member

has reached the fossa ovalis.

Reference is now made to Figs. 5-6, which are schematic illustrations of catheter

38, in accordance with some applications of the present invention. Fig. 5 shows a control

element 30 (e.g., a control handle) shaped to surround a proximal portion of catheter 38.

Control element 30 facilitates the steering of the catheter, as well as control of needle 32

and/or of flexible longitudinal member 14. As described hereinabove with reference to

Figs. 2A-B, wall 39 of catheter 38 typically comprises braided portion 4 1 and unbraided

portion 43. Typically, control element 30 surrounds the catheter such that (a) all of the



catheter wall that is distal to a distal end of the control element comprises braided portion

41, and (b) at least 10% of the catheter wall that is proximal to the distal end of the control

element comprises unbraided portion 43. Typically, a length LI of the braided portion is

between 600 and 1000 mm, and/or a length L2 of the unbraided portion is between 250

and 400 mm.

Typically, a braided wall is preferred to an unbraided wall, in that the braiding

reduces the buckling of the catheter when a pushing force is applied. However, some

manufacturing processes limit the number of lateral openings that can be made through a

braided wall; thus, in order to allow for the proximal lateral openings 84 shown in Fig. 6,

it may be necessary, when using such manufacturing processes, to make the proximal

portion of the catheter wall unbraided. Some applications of the present invention

compensate for the use of an unbraided wall, by including a reinforcing tube 82 that at

least partially surrounds the unbraided portion of the catheter wall. Reinforcing tube 82

provides stability to the catheter, in lieu of the braiding.

As shown in Fig. 6, a wall of the reinforcing tube is typically shaped to define one

or more lateral openings 84 therethrough. (Openings 84 are aligned with lateral openings

in the catheter wall.) Control wires 80, and/or flexible longitudinal member 14, pass

through openings 84 into channels 20, 27a, and 27b, shown in Figs. 2A-B. Control

element 30 is coupled to control wires 80, and/or to flexible longitudinal member 14.

Reference is now made to Figs. 7-10, which are schematic illustrations of a hollow

needle 86 having a flexible distal portion 88, in accordance with some applications of the

present invention. The applications shown in Figs. 7-10 are similar to each other in

function; they differ from each other mainly in the structure of flexible distal portion 88.

Needle 86 may be used as needle 32 in apparatus 34 (Figs. 1A-D). An advantage of

needle 86 is that flexible distal portion 88 of the needle is more flexible than other

portions of the needle (e.g., than a proximal portion 90 of the needle), such that, flexible

distal portion 88, while inside the catheter lumen, may be flexed by steering the catheter.

Needle 86 comprises proximal portion 90, which generally runs through most of

the length of the catheter, and which is used to transfer pushing force to the distal portion

of the needle. Proximal portion 90 typically has an outer diameter D l that is at least 0.7

mm and/or less than 3 mm, and/or a length L3 that is at least 650 mm and/or less than

1200 mm, and/or a wall thickness t l that is at least 0.1 mm and/or less than 0.3 mm.



Flexible distal portion 88 typically has an outer diameter D2 that is at least 0.5 mm and/or

less than 1.5 mm, and/or a length L4 that is at least 30 mm and/or less than 200 mm, e.g.,

between 30 and 100 mm. Needle 86 also comprises a distal-most end portion 94, which is

less flexible than flexible distal portion 88, and is typically relatively rigid. (The relative

rigidity of distal-most end portion 94 facilitates the puncturing function of the needle.) In

some applications, the distal-most end portion comprises an increased-diameter portion

104 having a diameter that is greater than the other part of the distal-most end portion.

Increased-diameter portion 104 is typically disposed at the proximal end of the distal-most

end portion. The function of the increased-diameter portion is described below, with

reference to Fig. il.

In Fig. 7, flexible distal portion 88 of the needle comprises an elastomeric tube 96

having an outer surface 97, an inner surface 99, and a braided and/or coiled metal interior

98 between the inner and outer surfaces. (Thus flexible distal portion 88 may be

structurally similar to the braided portion of the catheter, shown in Fig. 2A.) Elastomeric

tube 96 provides flexibility to flexible distal portion 88. Braided and/or coiled metal

interior 98 reinforces the elastomeric tube such that it is less susceptible to buckling, and

also facilitates the transfer of electric current between the distal and proximal ends of the

needle. The transfer of electric current may be used to verify that the needle has

punctured the fossa ovalis, and/or apply an ablating current, e.g., a radiofrequency (RF)

current, or other energy to puncture the fossa ovalis, such as described hereinbelow with

reference to Fig. 13.

The applications of Figs. 8-9 are similar to that of Fig. 7 in that (a) the dimensions

of flexible distal portion 88 and proximal portion 90 are generally as described above, and

(b) flexible distal portion 88 is more flexible than other portions of the needle. (The

applications of Figs. 8-9 also provide for the transfer of electric current via flexible distal

portion 88.) The applications of Figs. 8-9 differ from that of Fig. 7 in that the flexibility

of the distal portion is facilitated by the helical configuration of the distal portion, rather

than by elastomeric tube 96. The helical configuration of the distal portion may be

achieved, for example, by cutting (e.g., laser-cutting) a tube (e.g., a metallic tube), as in

Fig. 8, or by coiling one or more wires (e.g., metallic wires), as in Fig. 9 .

The application of Fig. 10 is similar to those of Figs. 8-9 in that (a) the dimensions

of flexible distal portion 88 and proximal portion 90 are generally as described above, and



(b) flexible distal portion 88 is more flexible than other portions of the needle.

Furthermore, the application of Fig. 10 is similar to that of Fig. 8 in that the respective

configurations of the distal portions may be achieved via cutting (e.g., laser-cutting) a

tube wall at one or more locations between longitudinal ends of the wall. (The application

of Fig. 10 also provides for the transfer of electric current via flexible distal portion 88.)

The application of Fig. 10 differs from those of Figs. 8-9 in that the flexibility of the distal

portion is facilitated by the wall of the distal portion being shaped to define a plurality of

openings 102 (e.g., slits) that pass completely therethrough. Typically, the number of

openings 102 is at least 25 and/or less than 250.

For the applications of Figs. 8-10, in order to keep the lumen of the needle fluidly

isolated from the needle's environment, a fluid-impermeable cover 100 (e.g., a polymer

film) surrounds (e.g., fits snugly around) the distal portion of the needle. (Also typically,

the distal portion is internally lined by a lining such as a polymer film.) By keeping the

lumen of the needle fluidly isolated, fluid-impermeable cover 100 facilitates

measurement, using a pressure sensor disposed at the proximal end of the needle, of the

pressure at the distal tip of the needle. (Elastomeric tube 96, shown in Fig. 7, is also fluid-

impermeable, and also facilitates pressure measurements.)

In general, flexible distal portion 88 may include various combinations or

subcombinations of elements from Figs. 7-10. Furthermore, in some applications, flexible

distal portion 88 comprises a portion that is at least partially made of nitinol; for example,

braided and/or coiled metal interior 98 (Fig. 7) may be at least partially made of nitinol.

The nitinol provides flexibility to flexible distal portion 88, while also facilitating the

transfer of electric current. Similarly, distal-most end portion 94 and/or proximal portion

90 may be at least partially made of nitinol. Typically, portions of the flexible needles of

Figs. 7-10 include stainless steel and/or another metal such as titanium, alternatively or

additionally to nitinol.

Reference is now made to Fig. 11, which is a schematic illustration of apparatus

106 used, for example, for fossa ovalis penetration, in accordance with some applications

of the present invention. Apparatus 106 includes a tube, such as dilator element 49,

shaped to define a tube lumen 108. A reduced-diameter portion 110 of the tube lumen is

located at a distance d from the distal end of the tube, d being at least 5 mm and/or less

than 30 mm. Reduced-diameter portion 110, which may include a protrusion and/or a



narrowing of the tube lumen, has a diameter D3 that is reduced, relative to a portion of the

tube lumen that is proximal to the reduced-diameter portion. For example, in Fig. 11, the

portion of the tube lumen that is proximal to the reduced-diameter portion has a diameter

D4 that is greater than D3.

Apparatus 106 also includes hollow needle 86, described hereinabove with

reference to Figs. 7-10. Diameter D3 of the reduced-diameter portion of the tube lumen is

less than the outer diameter D5 of increased-diameter portion 104 of the distal-most end

portion of the needle, but is greater than the outer diameter D6 of the other part of the

distal-most end portion. Hence, only the part of the distal-most end portion that is distal

to the increased-diameter portion advances past the reduced-diameter portion of the tube

lumen. (Typically, diameter D5 is also greater than outer diameter D2 of flexible distal

portion 88.)

In some applications, distal-most end portion 94 has a length L that is at least 10

mm and/or less than 30 mm. In some applications, the increased-diameter portion is

formed by attaching a ring to part of the distal-most end portion of the needle. The ring is

attached at a distance from the distal tip of the needle that corresponds to the desired

amount of protrusion of the needle. (Typically, the ring is permanently attached.) In

other applications, the distal-most end portion of the needle is shaped during manufacture

to define the increased-diameter portion.

Reference is made to Figs. 7-11. It is noted that the use of hollow needle 86 may

be particularly advantageous when flexible longitudinal member 14 (or other fossa-ovalis-

locating-facilitating apparatus, such as those described in US 2014/0309675 to Maisano,

which is incorporated herein by reference) is deployed from the catheter. Flexible

longitudinal member 14 provides a "buffer" between the catheter and septum (see Fig.

IB), allowing the catheter to be steered without significant risk of accidentally puncturing

the septum. In other words, without flexible longitudinal member 14, it might not be

practical to steer the catheter, even if the needle were to have a flexible distal portion.

Thus there is a particular synergy that is obtained when flexible longitudinal member 14 is

used together with hollow needle 86.

Reference is made to Fig. 12, which is a schematic illustration of the use of

apparatus 34 in combination with a left-side therapeutic delivery system, in accordance

with an application of the present invention. This technique may be practiced in



combination with any of the techniques described herein. In this application, a delivery

catheter 120 of a left-side therapeutic delivery system is first inserted into the right atrium,

using techniques known in the art. Apparatus 34, including catheter 38 thereof, is

advanced through delivery catheter 120 into the right atrium, and is then used to puncture

fossa ovalis 18 or another site on interatrial septum 72, using techniques described herein.

Thereafter, apparatus 34 is withdrawn from the body through delivery catheter 120,

leaving delivery catheter 120 in the heart. Delivery catheter 120 is used to introduce a

left-side therapeutic device, such as a valve repair or replacement device or a left atrial

appendage implant.

Typically, an outer diameter of delivery catheter 120 equals at least 150% of an

outer diameter of catheter 38, such as at least 200%. For example, the outer diameter of

delivery catheter 120 may be between 20 and 30 Fr, and the outer diameter of catheter 38

may be between 12 and 14 Fr.

For some applications, before withdrawal of apparatus 34 from the body, delivery

catheter 120 is advanced over dilator element 49 while the dilator element is disposed

within the hole in fossa ovalis 18 or the other site on interatrial septum 72, until a distal

end opening of delivery catheter 120 is disposed in the left atrium. After withdrawal of

apparatus 34 from the body, delivery catheter 120 is used to introduce the left-side

therapeutic device into the left atrium.

Reference is made to Fig. 13, which is a schematic illustration of a configuration

of apparatus 34, in accordance with an application of the present invention. This

technique may be practiced in combination with any of the techniques described herein.

In this application, needle 32 is electrically conductive, and is coupled by one or more

conductors 178 to a controller 180, which comprises or is in electrical communication

with an energy source. The controller is configured to drive needle 32 to apply an

ablating current, e.g., an RF current, to puncture the fossa ovalis or interatrial septum 72.

Alternatively, instead of using an ablating current, other energy may be applied, such as

heat, ultrasound, or light (e.g., laser) energy. The energy-based puncturing may be

performed instead of or in combination with the force-based mechanical puncturing by the

needle. For some applications, the distal tip of the needle is blunt.



In general, apparatus described herein may be used, and techniques described

herein may be practiced, in combination with apparatus and techniques described in the

following patent applications, all of which are incorporated herein by reference:

• US Application 14/245,135, filed April 4, 2014, which published as US Patent

Application Publication 2014/0309675;

• International Application PCT/IL20 14/05033 8, filed April 7, 2014, which

published as PCT Publication WO 2014/170890;

• US Application 14/287,470, filed May 27, 2014, which published as US Patent

Application Publication 2014/0309678;

· US Application 14/287,523, filed May 27, 2014, which published as US Patent

Application Publication 2014/0309679;

• US Application 14/513,435 to Sapir et al; and

• US Provisional Application 62/095, 150, filed December 22, 2014.

It will be appreciated by persons skilled in the art that the present invention is not

limited to what has been particularly shown and described hereinabove. Rather, the scope

of the present invention includes both combinations and subcombinations of the various

features described hereinabove, as well as variations and modifications thereof that are not

in the prior art, which would occur to persons skilled in the art upon reading the foregoing

description.



CLAIMS

1. Apparatus comprising:

a catheter shaped to define a catheter lumen,

a wall of which catheter (a) comprising a braided portion having an outer

surface, an inner surface, and a braided interior between the outer and inner

surfaces, and (b) being shaped to define a first longitudinally -running channel

therethrough and a second longitudinally-running channel therethrough, and

a distal portion of which catheter being shaped to define a first lateral

opening and a second lateral opening, an angle between (a) a first line running

between the first and second lateral openings, and (b) a second line that is parallel

to a central longitudinal axis of the catheter when the catheter is straight, being

between 30 and 150 degrees; and

a flexible longitudinal member that passes (a) from a proximal portion of the

catheter to the distal portion of the catheter via the first channel, (b) out of the first

channel via the first lateral opening, (c) into the second channel via the second lateral

opening, and (d) from the distal portion of the catheter to the proximal portion of the

catheter via the second channel.

2 . The apparatus according to claim 1, wherein the angle between the first and

second lines is between 60 and 120 degrees.

3 . The apparatus according to claim 2, wherein the angle between the first and

second lines is between 80 and 100 degrees.

4 . The apparatus according to claim 1, wherein the first and second openings are

separated from one another by an angle of 170-190 degrees measured along a

circumference of the catheter.

5 . The apparatus according to any one of claims 1-4, further comprising a needle

shaped to be slidably disposed within the catheter lumen.

6 . The apparatus according to claim 5, further comprising:

a dilator element shaped to be slidably disposed within the catheter lumen, the

dilator element being shaped to define a dilator lumen; and



a dilator tip disposed at a distal end of the dilator element, the dilator tip being

configured to dilate an opening created by the needle.

7 . The apparatus according to claim 6, wherein the needle is shaped to be slidably

disposed within the dilator lumen.

8. The apparatus according to claim 5,

wherein the needle is hollow, and comprises (a) a proximal portion, and (b) a

helical distal portion, and

wherein the apparatus further comprises a fluid-impermeable cover surrounding

the helical distal portion of the needle.

9 . The apparatus according to claim 5,

wherein the needle is hollow, and comprises (a) a proximal portion, and (b) a

distal portion that is more flexible than the proximal portion, and

wherein the apparatus further comprises a fluid-impermeable cover surrounding

the distal portion of the needle.

10. The apparatus according to claim 5,

wherein the needle is hollow, and comprises (a) a proximal portion, and (b) a

distal portion comprising a wall that is shaped to define a plurality of openings that pass

completely therethrough, and

wherein the apparatus further comprises a fluid-impermeable cover surrounding

the distal portion of the needle.

11. The apparatus according to claim 5, wherein the needle is hollow, and comprises

(a) a proximal portion, and (b) a distal portion comprising an elastomeric tube having an

outer surface, an inner surface, and an interior portion between the outer and inner

surfaces that is selected from the group consisting of: a braided metal interior, and a

coiled metal interior.

12. The apparatus according to claim 5, wherein the needle is hollow, and comprises:

a proximal portion having an outer diameter between 0.7 and 3 mm, a length

between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm; and

a distal portion at least partially made of nitinol, the distal portion having an outer

diameter between 0.5 and 1.5 mm and a length between 30 and 200 mm.



13. The apparatus according to claim 5, wherein the needle is electrically conductive,

and wherein the apparatus further comprises:

one or more conductors; and

a controller, which is coupled to the needle by the conductors, and which is

configured to drive the needle to apply energy capable of creating a hole through tissue.

14. The apparatus according to any one of claims 1-4, wherein the flexible

longitudinal member is mechanically resilient.

15. The apparatus according to any one of claims 1-4, wherein a diameter of the

flexible longitudinal member is between 0.1 and 0.5 mm.

16. The apparatus according to any one of claims 1-4, wherein the flexible

longitudinal member comprises a wire.

17. The apparatus according to any one of claims 1-4, wherein the flexible

longitudinal member comprises a material selected from the group consisting of: nitinol,

stainless steel, and chromium cobalt.

18. The apparatus according to any one of claims 1-4, wherein the flexible

longitudinal member is configured to be deployed such that, in an absence of any force

applied to the deployed portion of the flexible longitudinal member by an element that is

not part of the apparatus, a deployment angle of the flexible longitudinal member is

between 10 and 80 degrees,

the deployment angle being an angle between (a) a vector that is (i) tangent to the

flexible longitudinal member at an exit point of the flexible longitudinal member from the

catheter, and (ii) directed away from the catheter, and (b) a distally-directed vector that is

parallel to a longitudinal axis of the catheter at the exit point.

19. The apparatus according to claim 18, wherein the flexible longitudinal member is

configured to be deployed such that, in the absence of any force applied to the deployed

portion of the flexible longitudinal member by an element that is not part of the apparatus,

the deployment angle is between 30 and 60 degrees.

20. The apparatus according to any one of claims 1-4, wherein the flexible

longitudinal member is radiopaque.

21. The apparatus according to any one of claims 1-4, further comprising a plurality of

radiopaque markers coupled to the flexible longitudinal member.



Apparatus comprising:

a catheter having a catheter wall that comprises:

a braided portion having an outer surface, an inner surface, and a braided

interior between the outer and inner surfaces; and

an unbraided portion having an unbraided interior;

a control element shaped to surround a proximal portion of the catheter such that

(a) all of the catheter wall that is distal to a distal end of the control element comprises the

braided portion, and (b) at least 10% of the catheter wall that is proximal to the distal end

of the control element comprises the unbraided portion; and

a reinforcing tube at least partially surrounding the unbraided portion.

23. The apparatus according to claim 22,

wherein a wall of the reinforcing tube is shaped to define one or more lateral

openings therethrough,

wherein the catheter wall is shaped to define one or more longitudinally-running

channels therethrough, and

wherein the apparatus further comprises one or more flexible longitudinal

members passing through the lateral openings and through the longitudinally-running

channels.

24. The apparatus according to claim 23, wherein the flexible longitudinal members

are coupled to the control element.

25. The apparatus according to any one of claims 22-24, wherein a length of the

braided portion is between 600 and 1000 mm.

26. The apparatus according to any one of claims 22-24, wherein a length of the

unbraided portion is between 250 and 400 mm.

27. Apparatus comprising:

a hollow needle comprising:

a proximal portion; and

a helical distal portion; and

a fluid-impermeable cover surrounding the helical distal portion of the needle.

28. The apparatus according to claim 27, wherein the fluid-impermeable cover fits

snugly around the helical distal portion of the needle.



29. The apparatus according to claim 27, wherein the proximal portion has an outer

diameter between 0.7 and 3 mm.

30. The apparatus according to claim 27, wherein the proximal portion has a length

between 650 and 1200 mm.

31. The apparatus according to claim 27, wherein the proximal portion has a wall

thickness between 0 .1 and 0.3 mm.

32. The apparatus according to claim 27, wherein the distal portion has an outer

diameter between 0.5 and 1.5 mm.

33. The apparatus according to claim 27, wherein the distal portion has a length

between 30 and 200 mm.

34. The apparatus according to claim 33, wherein the distal portion has a length

between 30 and 100 mm.

35. The apparatus according to any one of claims 27-34, wherein the helical distal

portion comprises a helically-cut tube.

36. The apparatus according to any one of claims 27-34, wherein the helical distal

portion comprises one or more coiled wires.

37. Apparatus comprising:

a hollow needle comprising:

a proximal portion; and

a distal portion that is more flexible than the proximal portion; and

a fluid-impermeable cover surrounding the distal portion of the needle.

38. The apparatus according to claim 37, wherein the distal portion comprises a wall

that is cut at one or more locations between longitudinal ends of the wall.

39. Apparatus comprising:

a hollow needle comprising:

a proximal portion; and

a distal portion comprising a wall that is shaped to define a plurality of

openings that pass completely therethrough; and

a fluid-impermeable cover surrounding the distal portion of the needle.



40. The apparatus according to claim 39, wherein the wall of the distal portion of the

hollow needle is shaped to define 25 - 250 openings.

41. The apparatus according to claim 39 or 40, wherein the wall of the distal portion

of the hollow needle is shaped to define a plurality of slits therethrough.

42. Apparatus comprising:

a hollow needle comprising:

a proximal portion; and

a distal portion comprising an elastomeric tube having an outer surface, an

inner surface, and an interior portion between the outer and inner surfaces that is

selected from the group consisting of: a braided metal interior, and a coiled metal

interior.

43. Apparatus comprising:

a hollow needle comprising:

a proximal portion having an outer diameter between 0.7 and 3 mm, a

length between 650 and 1200 mm, and a wall thickness between 0.1 and 0.3 mm;

and

a distal portion at least partially made of nitinol, the distal portion having

an outer diameter between 0.5 and 1.5 mm and a length between 30 and 200 mm.

44. Apparatus comprising:

a tube shaped to define a tube lumen, a reduced-diameter portion of the tube lumen

that is between 5 and 30 mm of a distal end of the tube having a diameter that is reduced,

relative to a portion of the tube lumen that is proximal to the reduced-diameter portion;

and

a hollow needle, comprising:

a proximal portion;

a distal portion that is more flexible than the proximal portion;

a distal-most end portion that is distal to the distal portion and is less

flexible than the distal portion, the distal-most end portion comprising an

increased-diameter portion having a diameter that is greater than another part of

the distal-most end portion,



the diameter of the reduced-diameter portion of the tube lumen being (a) less than

an outer diameter of the increased-diameter portion, and (b) greater than an outer diameter

of the other part of the distal-most end portion.

45. The apparatus according to claim 44, wherein the distal-most end portion has a

length between 10 and 30 mm.

46. The apparatus according to claim 44 or 45, wherein the increased-diameter portion

is disposed at a proximal end of the distal-most end portion.

47. The apparatus according to claim 44 or 45, wherein the outer diameter of the

increased-diameter portion is greater than an outer diameter of the distal portion.
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