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GUIDED CATHETER WITH REMOVABLE MAGNETIC GUIDE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S.S.N. 61/073,552 entitled,

"Guided Catheter with Removable Magnetic Guide", filed June 18, 2008 and

U.S.S.N. 60/969,020 entitled, "Guided Catheter with Removable Magnetic

Guide", filed August 30, 2007.

FIELD OF THE INVENTION

The present invention relates to medical catheters, particularly for use

as feeding tubes.

BACKGROUND OF THE INVENTION

U.S. Patent No. 5,431,640 to Gabriel discloses a method and

apparatus for intubation of a patient using a magnetic field produced between

an external magnet and a magnet at the distal end of a catheter to maneuver

the catheter to the distal duodenum of a patient. An operator maneuvering an

external magnet cannot see through the abdominal wall to decide whether the

distal end portion of the catheter is continuously captured by the magnetic

field of the external magnet during the advancement of the catheter. Thus,

use of this particular device required an additional procedure, such as X-ray

monitoring or aspiration of fluid from the distal end of the catheter and

measurement of the pH of the aspirated fluid, to determine whether the distal

end of the catheter had properly advanced into the patient's duodenum.

U.S. Patent No. 6,126,647 to Posey, et al. f discloses a catheter guided

by an external magnet, which contains a sensor that indicates whether the

distal end of the catheter is being properly advanced into the patient's

duodenum. The catheter contains a magnet that is permanently affixed in the

distal portion of the catheter.

Although each of the above-described catheters provide

improvements over other feeding tubes that are available, none of the feeding

tubes is designed to be used with diagnostic imaging techniques, such as

magnetic resonance imaging (MRI). Since the magnet is permanently

affixed in the distal portion of the catheter, it interferes with MRI techniques.



Although the feeding tubes are designed to deliver food and nutrients

to a patient, they often are clogged with food particles, and then require

removal for cleaning or replacement.

There is a need for improved, more versatile catheters for use as

feeding tubes.

Therefore, it is an object of the invention to provide improved

catheters for use as feeding tubes.

It is a further object to provide improved methods of using catheters

to deliver food and nutrients to a patient.

SUMMARY OF THE INVENTION

A feeding tube apparatus, a kit containing the feed tube apparatus and

method for intubating a patient to deliver the feeding tube apparatus to the

desired location for delivering nutrients and/or medication are described

herein. The feeding tube apparatus (10) contains at least a catheter (20) and

a removable stylet (30), where the removable stylet contains one or more

magnetic materials (32 a-e). In one embodiment, the stylet contains more

than one magnetic material in the form of a magnet stack (33). The feeding

tube apparatus is used in combination with a suitable external magnet (40)

which a medical practitioner can use to guide the feeding tube apparatus (10)

through the intestinal tract. Optionally, the feeding tube apparatus contains

additional components, such as a spring wire guide. The feeding tube

apparatus is inserted into the patient's body and the external magnet (40) is

applied to the patient's body within the minimum distance required to create

a magnetic field between the external magnet (40) and the magnetic

material(s) (32) located at the distal end (34) of the stylet (30) that is

sufficiently strong to allow the external magnet to guide the catheter and

stylet through the intestinal tract, and into the distal duodenum (470) of the

small intestine. Once the catheter is placed in the desired location, the stylet

is removed, thereby removing the magnetic materials from the feeding tube

apparatus. This allows for the catheter to remain in place while the patient

undergoes diagnostic testing, such as magnetic resonance imaging.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of the feeding tube apparatus.



Figures 2 A-C illustrate cross-sections of the distal tip of the feeding

tube apparatus for three different embodiments of the apparatus In Figure

2A the apparatus contains a magnet stack with spacers between each magnet

in the magnet stack. In Figure 2B the magnetic stack is extended beyond the

distal tip of the catheter, and the apparatus contains a magnet stack with three

groups containing two magnetic materials, preferably magnets, where each

group is separated from the next one by a spacer. In Figure 2C the magnetic

material extended beyond the distal tip of the catheter, and the apparatus

contains a continuous, flexible magnetic material in the form of a wound coil

or stranded cable.

Figure 3 illustrates a cross-sectional view of a catheter formed of a

reinforced material.

Figures 4A and 4B illustrate isometric views for the feeding tube hub

(Fig. 4A) and stylet hub (Fig. 4B).

Figures 5A-C illustrate three representative configurations for the

external magnet.

Figures 6A-C illustrate embodiments of the feeding tube apparatus in

which the stylet contains a spring wire guide at its distal tip. In Figure 6A,

the spring wire guide extends beyond the distal tip of the catheter. In Figure

6B, the spring wire guide is inside the catheter and extends until the distal tip

of the catheter. In Figure 6C, the stylet is extended so that both the magnet

stack and the spring wire guide extend beyond the distal tip of the catheter.

Figure 7 illustrates a cross-section of the reed switch assembly.

Figure 8 is an illustration showing the path of the catheter within

anatomical quadrants during passage through the stomach to the distal

duodenum of the small intestine.

Figure 9 illustrates a cross-sectional view of the distal end of the

feeding tube apparatus with a magnetic stack extended beyond the distal tip

of the catheter.

DETAILED DESCRIPTION OF THE INVENTION

I. Feeding Tube Apparatus

The feeding tube apparatus is depicted in Figures 1 and 2A-C The

feeding tube apparatus (10) contains at least a catheter (20) and a removable



stylet (30), where the removable stylet contains one or more magnetic

materials (32a-e). The feeding tube apparatus is used in combination with a

suitable external magnet (40) (see Figures 5A-C) which a medical

practitioner can use to guide the feeding tube apparatus (10) through the

intestinal tract. Optionally, the feeding tube apparatus contains additional

components, such as a spring wire guide (not shown in figures).

When the feeding tube apparatus is completely assembled, the

catheter (20) is connected at its proximal end (22) to a feeding tube hub (80)

and the stylet (30) is connected at its proximal end (3 1) to a stylet hub (90).

The feeding tube hub (80) and stylet hub (90) are illustrated in Figures 4A

and 4B. The distal end of the stylet hub (90) is insertable into the feeding

tube hub (80) and is removable therefrom. The distal end of the stylet hub

(90) fits snugly in the feeding tube hub (80).

A. Catheter

The catheter (20) is a tube with a proximal end (22) and a distal end

(24). Generally, the distal tip (25) of the distal end (24) forms an open lumen

(26). This allows for the delivery of food from the opening at the distal tip

(25) of the catheter. Optionally, the distal tip (25) of the catheter is closed

and does not contain an open lumen, but the catheter contains one or more

sideholes. In this embodiment, the nutrients are delivered through the

sideholes.

The distal tip (25) and the region (21) proximal to the distal tip,

which generally corresponds with the region in which the magnetic

material(s) is located, is preferably formed of a softer material than the

material that forms the rest of the catheter (20). This allows the distal tip

(25) and the region (21) proximal to the distal tip to be atraumatic and allows

the magnetic material(s) to have a more pronounced effect on

maneuverability and guidance than they would if a stiffer material was used.

The proximal tip (23) of the proximal end (22) of the catheter (20) also forms

an opening (not shown in figures) into which the stylet (30) is placed when it

is inserted into the catheter (20).

When the distal end contains an open lumen (26), this allows for the

use of a fiberscope, i.e. a flexible, small endoscope, which can be placed



through the open lumen to verify the location of the catheter. The use of a

fiberscope can eliminate the need for X-rays to be taken to verify the location

of the catheter

a. Materials

The catheter may be formed of any suitable tubing. Typical tubing

materials have a flex modulus ranging from about 500 psi to about 50,000

psi, preferably from 700 psi to 3,000 psi, most preferably about 1,500 psi.

Preferably the tubing is dual durometer tubing, with at least two levels of

flexibility; where the flex modulus for a first, softer portion is lower than the

flext modulus for a second, more rigid portion. In one embodiment, the

proximal end (22) comprises a first, relatively soft material, and the distal

end (24) is more rigid than the proximal end. Preferably the tubing is

relatively soft at the catheter's proximal end (22), at its distal tip (25) and at

the region (21) proximal to the distal tip (25), which generally corresponds

with the location of the magnetic material(s), and is more stiff in the region

(18) between the proximal end (22) and the region (21) proximal to the distal

tip (25). The soft material at the proximal end (22), which will be in contact

with the patient's throat and nose, causes less irritation to the patient than a

stiffer material. The soft portion of the catheter typically has a flex modulus

ranging from about 500 psi to 30,000 psi, preferably ranging from about 750

psi to 3,000 psi. The stiffer material in the region (18) between the proximal

end (22) and the region (21) proximal to the distal tip (25) allows the catheter

to have greater pushabilily and maneuverability during insertion than if a

softer material was included in this region (18) of the catheter. The stiffer

portion of the catheter typically has a flex modulus ranging from about 1,500

psi to about 100,000 psi, preferably from about 10,000 psi to about 50,000

psi. The soft material at the distal tip (25) and at the region (21) proximal to

the distal tip (25) allows the catheter to be atraumatic and allows the

magnetic material(s) to have a more pronounced effect on maneuverability

and guidance of the feeding tube apparatus.

Optionally, the catheter is constructed in whole or in part of a

radiopaque material. Suitable materials include polyurethane or silicon

tubing. The tubing is preferably comprised of a polyurethane for strength.



Preferably the polyurethane does not soften or change significantly at body

temperature. Examples of suitable polyurethanes include those available

under the tradenames ESTANE® (Lubrizol Advanced Materials, Inc.),

PEBAX® (Arkema France Corp.), PELLETHANE® (Dow Chemical Co.),

and CARBOTHANE® (Lubrizol Advanced Materials, Inc.).

In another embodiment, the walls of the catheter contain a reinforcing

material (see Figure 3). In this embodiment, the walls (70a and 70b) of the

catheter contain an MRI compatible reinforcing material (72), such as a fiber,

monofilament, or non-ferrous metal. This allows the catheter to have a thin

wall, while maintaining the desired inner diameter. A reinforcing material

also provides kinking- and/or crush-resistance to the catheter. A reinforcing

material also allows the catheter to be especially resilient to perforation,

thereby facilitating the use of a plunger to purge a clogged catheter without

the risk of perforating or damaging the feeding tube, even when the tube is

conforming to a tortuous path in the patient's body. In addition, the

reinforced construct also allows for reduced internal friction to facilitate

stylet removal. Thus comparing a catheter without the reinforcing material

with one containing the reinforcing material, the two catheters can have the

same inner diameter, but the catheter with the reinforcing material can have a

smaller outer diameter than the catheter without a reinforcing material while

maintaining the same wall strength. Typical thicknesses for the walls of a

catheter without a reinforcing material range from 0.020 inches to 0.025

inches. For catheters with a reinforcing material, typical thicknesses for the

walls of the catheter range from 0.008 inches to 0.020 inches. This

difference between the wall thicknesses results in a catheter with a

reinforcing material with an outer diameter that is one to two French sizes

smaller than the outer diameter for a catheter without a reinforcing material,

while maintaining the same inner diameter.

Suitable reinforcing materials are stiff, MRI compatible, I e non-

ferrous, materials, such as, polyester, copper, aluminum, non-magnetic

stainless steel, or other non-ferrous, stiff, materials. In the preferred

embodiment, the reinforcing material ispolyester monofilament. However,



the reinforcing material can be any stiff, non-ferromagnetic material, such as

copper or other monofilament materials

In one preferred embodiment illustrated in Figure 3, the wall (70) of

the catheter (30) contains a smooth inner layer (74), a binder layer (76), a

reinforcing material (72), and an outer layer (78). The smooth inner layer

(74) is typically formed of a material with a low coefficient of friction, i.e.

about 0.3 or less, with typical ranges from about 0.1 to 0.4, preferably from

0.1 to 0.2. Suitable materials for the inner layer (74) include FEP

(Fluorinated Ethylene Propylene copolymer), PFA (Perfluoroalkoxy), and

PTFE (Polytetra ϊluoroethylene) TEFLON© (E. I. Du Pont de Nemours and

Co.). The binder layer (76) is a soft and tacky layer that binds the inner layer

(74) with the reinforcing material (72) and, optionally, the outer layer (78).

Typical materials have a coefficient of friction, ranging from 0.6 to 1.5,

preferably 1.0. A suitable material for the binder layer (76) is 25 D

PEBAX® . The material for the outer layer (78) is selected based on the

desired stiffness for the catheter, typical materials have a flex modulus

ranging from about 500 psi to about 50,000 psi, preferably from 700 psi to

3,000 psi, most preferably about 1,500 psi. Suitable materials for the outer

layer (78) include 35D, 40D, or 55D PEBAX®, 75A, 85A 95A, or 55D

CARBOTHANE®, or 80A, 85A, 9OA, or 55D PELLETHANE®.

A catheter containing a reinforcing material (72) can be formed using

any suitable method. In one embodiment, the catheter is formed by coating

the inner layer (74) over a mandrel forming a tube. Then the binder layer

(76) is coated over the inner layer (74) forming a coated tube. Next the

reinforcing material (72) is spiral wrapped around the coated tube. This is

preferably a continuous process. Then an outer layer (78) having the desired

stiffness, is pressure-extruded or vacuum-assisted over extruded over the

wrapped and coated tube. Then, the mandrel is removed. The resulting

catheter (30) contains a reinforcing material (72) in the wall (70) of the

catheter. This process produces a thin-walled, kink- and/or crush-resistant

catheter.

Alternatively, the reinforced tube can simply contain its reinforcing

member (72) on the inner surface and an outer layer (78). Suitable materials



for the outer layer (78) include 35D 40D 5 or 55D PEBAX®, 75A, 85A, 95A,

or 55D CARBOTHANE®, or 80A, 85A, 9OA, or 55D PELLETHANE®.

A catheter containing a reinforcing material (72) can be formed using

any suitable method. In one embodiment, the reinforcing material (72) is

spiral wrapped around the mandrel forming a tube. This is preferably a

continuous process. Then an outer layer (78) having the desired stiffness, is

pressure-extruded or vacuum-assisted over extruded over the wrapped and

coated tube. Then, the mandrel is removed. The resulting catheter (30)

contains a reinforcing material (72) in the wall (70) of the catheter. This

process produces a thin-walled, kink- and/or crush-resistant catheter.

b. Dimensions

Any standard diameter and length of tubing material may be used to

form the catheter. The current standard catheter sizes are referred to as

"French" sizes, e.g. size F4 refers to a tube with a 0.053 inch outer diameter,

F5 refers to a tube with a 0.066 inch outer diameter, F6 refers to a tube with a

0,079 inch outer diameter, F7 refers to a tube with a 0.092 inch outer

diameter, F8 refers to a tube with a 0.104 inch outer diameter, FlO refers to a

tube with a 0.103 inch outer diameter, F l 1 refers to a tube with a 0.143 inch

outer diameter, and F12 refers to a tube with a 0.156 inch outer diameter. In

a preferred embodiment, the tubing is a single lumen 2603-8OAE

PELLETHANE® F l 1 or F12 tube. The FIl tube has an outer diameter of

0.143 inches and an inner diameter of 0.1 11 inches; and the F l 2 tube has an

outer diameter of 0.156 inches and an inner diameter of 0.1 16 inches.

However other size tubing is suitable as well. In place of single lumen

tubing, double lumen tubing or alternative styles may be used. The inner

diameter of the tubing (i.e. the diameter of the lumen) should be sufficiently

large to allow the fluids and nutrients to pass through the catheter without

clogging the catheter. Preferably the inner diameter of the tubing (i.e. the

diameter of the lumen) is sufficiently large to allow particles with a diameter

of up to 0.110 inches to pass through the tubing.

The length of the catheter determines how deep into the gut the

feeding tube can be placed for the delivery of fluids and nutrients. Typical

lengths for the catheter range from 100 cm to 150 cm, preferably the catheter



is at least 125 cm long. In one preferred embodiment, the catheter is 127 cm

long. This allows for the nutrients to be delivered deep into the bowel and

thereby prevent reflux. Catheters that are at least 100 cm long prevent the

patient from inadvertently removing the feeding tube after placement in the

stomach such as through standard movements.

c. Sideholes

In addition to the openings at the proximal and distal ends of the

catheter, the catheter optionally contains one or more holes along the wall of

the catheter, referred to herein as "sideholes" (28). Preferably the sideholes

are located as close to the distal tip (25) as possible without compromising

the strength of the tubing and interfering with the magnetic mater ial(s) (32)

and reed switch assembly (60). In one embodiment, the sideholes are located

in the catheter in the region (18) between the proximal end (22) and the

region (2 1) proximal to the distal tip (25) of the catheter {see e.g. Figure

2A), In another embodiment, the sideholes may also be located within the

region (21) proximal to the distal tip (25) of the catheter {see e.g., Figures 2B

and 2C).

In one embodiment, the distal end of the catheter does not contain an

opening, but the catheter contains one or more sideholes. In this

embodiment, the nutrients are delivered through the sideholes.

The sideholes ensure that, even if the feeding tube is lodged against a

wall in a patient's body, aspirating the catheter will not create a suction

situation and potentially damage internal tissues or walls.

Moving along the length of the catheter starting at the distal tip (25),

the magnetic material(s) (32) is located in the stylet in a region that generally

corresponds with the region (21) proximal to the distal tip (25), the reed

switch assembly (60) is located in the stylet proximal to the magnetic

material(s) (32)., In one embodiment, the sideholes (28) are located in the

catheter in a region that is generally proximal to the location of the reed

switch assembly (60) {see e.g. Figure 2A). In another embodiment, the

sideholes are located within the region (21) proximal to the distal tip (25) of

the catheter {see e.g., Figures 2B and 2C).



In one embodiment, the catheter contains two sideholes (28a and

28b). The sideholes are typically oval or circular in shape and typically have

dimensions ranging from 0.010 inches to 0.1 10 inches, preferably the

sideholes have diameters of about 0.050 inches.

B. Stylet

The stylet (30) contains a proximal end (3 1) and a distal end (34),

where the distal end terminates in a distal tip (35). As illustrated in Figure

2A, moving from the center of the stylet (30) towards the distal tip (35) of

the stylet (30), the distal end (34) of the stylet contains a reed switch

assembly (60), which is attached to a spacer (37), which is attached to a

magnetic material (32). Typically the distal end has a length ranging from 1

to 6 inches, preferably the distal end is 3 inches long. The magnetic

material(s) or magnet stack may terminate at the distal tip (35) of the stylet.

Optionally, the stylet contains an additional element, such as a J-tip

spring wire guide (48) or a pigtail-shaped spring wire guide, which is

attached to the magnetic material or magnet stack and terminates at the distal

end of the stylet {see Figures 6A~C). When in use, the J-tip facilitates

passage of thestylet through anatomical structures, particularly the

duodenum, without catching on any anatomical pockets. Alternatively,

instead of a J-tip, the stylet could contain a pigtail- shaped spring wire guide

which terminates at the distal tip (35) of the stylet, to achieve the same effect

as a J-tiρρed spring wire guide.

a. Materials

The stylet (30) is typically in the form of a tube and is formed of

material that is more rigid than the catheter material, Typical flex modulus

values for the stylet range from 125,000 and 35O OOO psi, preferably from

about 175,000 psi to 250,000 psi, most preferably 200,000 psi. Suitable

materials include polycarbonate, polyether ether ketone (PEEK), nylon 6/6,

stiff polyurethanes such as 75D PELLETHANE®,or another rigid material.

The stylet provides column strength to the feeding tube apparatus and

facilitates guidance of the catheter during placement in the intestinal tract.

Preferably the stylet (30) is a formed from a dual durometer material,

i.e. a material with at least two levels of flexibility (see e.g. Figure 9). In a



preferred embodiment, the stylet is formed from two different materials that

are joined together, where one material is a suffer material than the other

material. Typical flex modulus values for a first, soft portion of the stylet

range from about 25,000 psi to about 125,000 psi, preferably from 25,000 psi

to 75,000 psi. Typical flex modulus values for a second, more rigid portion

of the stylet range from about 125,000 and about 400,000 psi, preferably

about 250,000 psi. Preferably the suffer material is used for the majority of

the length of the stylet, while the more flexible material is used for only the

distal end (34) of the stylet. In another embodiment, the stylet is formed

from a first material and contains a second material as a coating over the first

material for a portion of the length of the stylet, preferably for the majority of

the length of the stylet, most preferably only the distal end (34) of the stylet

is not covered by the second material. In one embodiment, the stylet is

formed from nylon, and the nylon is coated with a polyester shrink wrap (e.g.

Advanced Polymers, Inc.) along the majority of the length of the stylet, with

the exception of the distal end (34), which contains only the nylon material

and does not contain the shrink wrap coating. In this embodiment, the distal

end is more flexible than the remainder of the stylet. In one preferred

embodiment, the flexible portion (36) of the stylet is 3.0 inches in length. In

other embodiments, the flexible portion (36) of the stylet may be from 1 inch

to 6 inches in length. The stylet is more rigid in the region (47) that starts at

the proximal end (31) of the stylet where it connects to the stylet hub (90)

and ends where the flexible portion begins. Typically, the flexible portion

typically begins immediately adjacent and proximal to the reed switch

assembly.

b. Dimensions

In one embodiment, the stylet (30) is long enough to extend along the

length of the catheter (20), but not beyond the open lumen (26) at the distal

tip (25) of the catheter. In another embodiment, the stylet (30) is long

enough to extend along the length of the catheter (20) and beyond the open

lumen (26) at the distal tip (25) of the catheter, which allows the catheter to

track over a stylet already in place in the desired location. Thus the stylet



can guide the feeding tube to its desired location, by passing the feeding tube

over the stylet until it reaches the desired placement location.

Typical lengths for the stylet range from about 127 cm, which

generally corresponds with the length of the catheter, to a length greater than

the length of the catheter, such as about 175 cm, which allows for the stylet

to extend beyond the distal tip of the catheter. Preferably, the stylet is about

127 cm long.

The outer diameter of the stylet is selected based on the inner

diameter of the catheter. The outer diameter of the stylet is less than the

inner diameter of the catheter so that the stylet can easily slide into and out of

the catheter, as desired. By way of example, for catheters formed using 11

FR or 12 FR tubing, the stylet may have an outer diameter from 0.030 to

0.107 inches.

c. Magnet

As used herein "magnetic material" refers to both magnets and

magnetically attractive materials.

As used herein "magnet" refers to a material that both produces its

own magnetic field and responds to magnetic fields. Magnets include

permanent magnets, which remain magnetized, and impermanent magnets,

which lose their memory of previous magnetizations. Magnets include but

are not limited Io the following materials: Neodymium (Rare Earth),

Samarium Cobalt (Rare Earth) , Ceramic (Ferrite), and Alnico (Aluminum

Nickel Cobalt).

As used herein "magnetically attractive material" refers to materials

that do not produce a magnetic field, but that are attracted to a magnetic field

or to each other when in the presence of a magnetic field, and include

paramagnetic materials. Magnetically attractive materials include but are not

limited to the following materials: iron, preferably iron coated with Teflon,

polyimide, or parylene, or another suitable material to make it biocompatible,

and steel.

As used herein "spacer" refers to a flexible material that neither

produces its own magnetic field nor responds to magnetic fields. Materials

that are useful for forming spacers include the materials used to form the



catheter. Typical materials have a flex modulus ranging from about 500 psi

to about 50,000 psi, preferably from 700 psi to 3,000 psi, most preferably

about 1,500 psi. Examples of suitable materials include but are not limited

to, any flexible plastic, such as one formed from a soft polyurethane or

silicon; examples include PEBAX®, PELLETHANE®, CARBOTHANE®,

all in the 75A to 55D hardness range or therabout.

The distal end (34) of the stylet (30) contains one or more magnetic

materials (32), and preferably contains a plurality of magnetic materials,

optionally in combination with one or more spacers, referred to herein as a

"magnet stack" (33). The one or more magnetic materials may be in groups

(39) of stacked magnetic materials, where each group (39) is separated from

the next group (39) with a spacer.

Optionally, the distal end (34) of the stylet (30) contains a magnet

stack (33) or a magnetic material (32) in the form of a continuous and

flexible coil or wire strand. The length of the magnetic material (32) or

magnet stack (33) can be any suitable length for obtaining the necessary

magnetic field between the external magnet (40) and the magnetic

material(s) (32) or magnet stack (33) in the stylet. Typical lengths for the

magnetic materials (32), preferably when the magnetic material is a magnet,

range from 0.01 inches to 0.5 inches, preferably from 0.1 to 0.3 inches, or

from 0.2 to 0.225 inches. However, magnetically attractive materials may

have the same dimensions as magnets. In one preferred embodiment the

length of each magnetic material is 0.200 inches.

Typical lengths for the magnet stack (33) range from 0.25 inches to

2.0 inches, preferably the magnet stack (33) is about 1.5 inches long.

Typical lengths for the magnetic material when the magnetic material is a

magnetically attractive material range from 0.25 inches to 2.0 inches,

preferably about 1.5 inches.

In a preferred embodiment, the magnet stack (33) contains two or

more stacked magnets with each magnet having the same dimensions.

Preferably the magnets are connected to each other by a connecting element,

such as a wire (45). In a preferred embodiment, the wire (45) extends

through a hole in the center of each magnet (see Figures 2A-C). The



connecting element is preferably suitably affixed to the magnet stack to

ensure that it remains connected with the magnet stack. For example, the

wire (45) may terminate at the distal end of the magnet stack (33) with a

material that is wider than the hole in the magnet stack, such as in the form

of a bead or a bullet-nose (41). In a particularly preferred embodiment, the

bead is formed using a U/V adhesive material, which solidifies to form the

bead when it is exposed to ultraviolet light. For additional flexibility each

magnetic material (32) in a magnet stack may be separated from the

proximal magnetic material or each group (39) of stacked magnetic materials

may be separated from the proximal group with a flexible spacer (38a-d),

such as one formed from a soft poϊyurethane or silicon. In yet another

preferred embodiment, the magnet stack may contain groups of magnets

separated by a spacer. This facilitates movement of the magnet stack through

the patient's body, particularly along curves.

The magnet stack may contain two or more groups of magnets, where

each group contains the same number of magnets, such as ranging from two

to five magnets, preferably two magnets, where each group is separated from

the next group by a flexible spacer (38). For example, as shown in Figure 9,

the magnet stack may contain two groups of magnets, where each group

contains three magnets, and where the first group is separated from the

second group by a spacer (38).

A cross-sectional view of the preferred embodiment is illustrated in

Figure 2B. In the preferred embodiment, the magnet stack (33) contains

three groups (39a - c) of stacked magnet materials (32a~e) with each group

containing two magnetic materials (e.g. 32 a, 32b) and where each group

(e.g. 39a) is separated from the proximal group (e.g. 39b) by a spacer (e.g.

38a) (see e.g. Figure 2B).

In a particularly preferred embodiment, Neodymium, most preferably

grade N50, is used in each magnetic material in the magnet stack. Preferably

the length of each magnetic material is 0.200 inches. Preferably PEBAX®,

most preferably 35D PEBAX®, is used in each spacer between the groups of

magnetic materials. Preferably the length of each spacer within the magnet

stack is 0.050 inches. In the preferred embodiment, the distal tip of the stylet



contains a U/V adhesive material, most preferably the U/V adhesive material

forms a bullet-nose tip (41).

The diameter of the magnetic material(s) is selected based on the

inner diameter of the catheter. The outer diameter of the magnetic

material(s) is less than the inner diameter of the catheter so that the magnetic

materials) can easily slide into and out of the catheter, as desired. In a

preferred embodiment, the diameter of the magnetic materials is greater than

the diameter of the stylet, and less than the inner diameter of the catheter.

This allows the magnetic material(s), preferably in the form of a magnet

stack (33), to provide the greatest magnetic force for the area within the

catheter, and seals the opening (26) at the distal tip (25) when the stylet is

inside the catheter. By sealing the distal tip, when aspiration occurs, it will

generally only occur through the sideholes (28a and 28b), and will not also

occur at the distal tip (25). By way of example, for catheters formed using

11 FR or 12 FR tubing, the magnet(s) may have an outer diameter 0.050

inches to 0.125 inches, with a preferred diameter of about 0.1 inches.

In one embodiment, the magnetic materials are in the form of a

stranded wire or a coiled assembly such as a helically wrapped wire. This

embodiment is particularly preferred for magnetically attractive materials.

Preferably the magnetically attractive material is iron, more preferably in the

form of galvanized iron wire. The stranded wire and the coiled assembly

construct should have suitable flexibility so that no spacers are needed. This

embodiment allows for a continuous magnetically attractive material at the

distal tip of the stylet.

One embodiment of the device which contains the magnetic materials

in the form of a stranded wire or a coiled assembly is shown in Figure 2C. In

this embodiment, the stylet contains a reed switch assembly (60), which is

located at the distal end (34) of the stylet and is attached to a spacer (37),

which is attached to the magnetic material (32) in the form of a stranded

wire, or to a coiled assembly such as a helically wrapped wire.

The diameters for a magnetically attractive material in the form of

coil or stranded wire are the same as the suitable diameters listed above for

the magnetic materials in general. Thus typical diameters range from 0.050



inches to 0,0125 inches, with a preferred diameter of about 0.1 inches. For

example, the coil may be formed using a .020 inch diameter core with four

(4) layers of 0.010 inch diameter iron wire. Thus the total diameter coil is

about 0.1 inches. Alternatively, the magnetically attractive material may be

in the form of a stranded wire. A 7 x 19 or similar stranded wire may be

used to achieve a diameter of about 0.1 inches.

d. Reed Switch Assembly

The stylet (30) contains a reed switch assembly (60) to ensure that an

indicator (52) properly indicates when the magnetic force between the

magnetic material(s) (32) or magnetic stack (33) in the stylet and the external

magnet (40) is sufficiently strong to move the catheter (20) along the

intestinal tract using the external magnet (40).

An example of a suitable reed switch assembly (60) is described in

U.S. Patent No. 6,126,647 to Posey and is illustrated in Figures 2 and 7 .

The reed switch assembly (60) contains reeds (61a and 61b) sealed in

a glass envelope (62), which is disposed within a metal housing (64). The

leads (66a and 66b) are soldered to the external portions of the reeds (61a

and 61b), and the metal housing (64) of the reed switch assembly (60) is

affixed to the stylet (30) and thereby connects the reed switch assembly (60)

the spacer (37), the magnetic material(s) (32), which are preferably in the

form of a magnet stack (33), and, optionally the spring wire guide. In a

preferred embodiment, the magnetic material(s) (32), optionally in the form

of a magnet stack (33), is coated with a biocompatible coating that also

provide a lubricious surface, such as parylene, to facilitate easy sliding of the

stylet in and out of the feeding tube. Alternatively, a heat shrink tube, such as

polyester shrink, can also be employed to encapsulate this assembly and

thereby ensure that the reed switch assembly (60) the spacer (37), the

magnetic mater ial(s) (32) or magnet stack (33), and, optionally the spring

wire guide, do not separate from the stylet (30). Heat shrink tubing also

provides a lubricious surface between the inner surface of the catheter and

the stylet (30) to facilitate insertion and removal of the stylet (30) from the

catheter (20).



For an external magnet (40) having a magnetic flux field of about 300

Gauss at a distance of 4 inches from the external magnet (40), the reeds (61a

and 61b) in the reed switch assembly (60) will contact each other, thereby

actuating the indicator (52), when the external magnet (40) is within 3.5 to

5.0 inches of the reed switch (60). In one preferred embodiment, the reeds

contact each other, thereby actuating the indicator (52), when the external

magnet (40) is within about 4 inches of the reed switch assembly (60). The

indicator (52) produces a signal when it is actuated. The signal indicates that

the magnetic force between the feeding tube catheter and the external

permanent magnet is strong enough to use the external magnet to direct the

feeding tube catheter to the desired location.

The dimensions of the spacer (37) are selected based on the distance

between external magnet (40) and the reed switch (60) required to actuate the

indicator (52). For example, in one embodiment, spacer (37) between the

reed switch (60) and the proximal end of the magnetic material(s) (32) or

magnet stack (33) is at least 2 mm long. A feeding tube apparatus (10)

designed in this manner will typically produce a signal when the external

magnet (40) is within about 4 inches of the reed switch (60).

Although the stylet (30) is illustrated herein as containing a normally

open reed switch assembly (60) disposed within a metal housing (64), other

reed switches, such as those that are normally closed, may be used. A single-

pole, single-throw (SPST), normally-open reed switch (also referred to as a

Form "A" reed switch) is illustrated herein. Single-pole, single-throw

(SPST), normally-closed reed switches (also referred to as Form "B" reed

switches), single-pole, double-throw (SPDT), and break-before-make reed

switches (also referred as Form "C" reed switches) are known in the art and

may be used in place of the reed switch (60) depicted in Figures 2A-C, 7 and

9. Regardless of the particular type of switch used, e.g. Form A, Form B or

Form C each type of reed switch can be used as described herein.

e. Spring Wire Guide

In addition to containing the magnetic material (32) or magnet stack

(33), the distal end (34) of the stylet (30) may also contain a spring wire

guide (48). The spring wire guide may be a J-wire, a pigtail or a straight



spring wire guide. An example of this embodiment is provided in Figures

6A-C. In this embodiment, moving along the distal end (34) towards the

distal tip (35), the distal end (34) of the stylet (30) contains the reed switch

assembly (60), which is attached to a spacer (37), which is attached to a

magnetic material (32) or magnet stack (33), which is attached to a J-wire

spring wire guide (48). In this embodiment, the J-wire spring wire guide is

located at the distal tip (35) of the stylet (30). Alternatively, a straight or

pigtail spring wire guide (not shown in figures) could be used in place of the

J-wire.

The spring wire guide facilitates guiding the catheter through the

intestinal tract, In this embodiment, the spring wire guide is particularly

useful at guiding the catheter after it passes through the pyloric valve,

especially as it advances deep into the duodenum.

A pigtail can be formed at the distal tip (35) of the stylet to achieve

the same effect as the J-wire. A pigtail is preferably formed from a flexible

polyurethane, such as PELLETHANE®, PEBAX® or ESTANE®, such that

it can easily be straightened when pulled into the feeding tube, and once

extended beyond the feeding tube, can easily resume its pigtail shape to

facilitate advancement of the stylet through the patient's body, especially in

the duodenum.

f. Signal Generator

A signal generator (50) attaches to the proximal end of the stylet via a

stylet hub (90).

Typically the catheter (20) is inserted into a feeding tube hub (80),

which contains one or more ports (82) to allow for aspiration or delivery of

medications. The feeding tube hub contains an opening at each end (84 and

86) and is hollow throughout the length of the hub (80). The catheter (20)

exits the feeding tube hub at the distal end (86) of the feeding tube hub.

The proximal end (84) of the feeding tube hub attaches to the distal

end (96) of a stylet hub (90). The stylet hub (90) contains an opening at each

end (94 and 96) and is hollow throughout the length of the stylet hub. The

stylet (30) exits the stylet hub (90) at the distal end (96) of the stylet hub (90)

and extends inside and along the length of the catheter (20). The stylet hub



(90) also contains a port (98) for the signal generator (50). The port (98)

preferably contains a socket with which an LED plug can connect and

thereby provide a visual signal when the external magnet (40) is at an

appropriate distance from the magnetic material(s) (32). The signal

generator (50) is electronically connected to the reed switch assembly (60)

via the port (98).

The signal generator (50) includes a power source, such as a battery,

(not shown in figure) which supplies power to an indicator (52) when the

reeds (61a and 61b) close in response to a magnetic field supplied by the

external magnet (40) which is sufficiently strong to permit manipulation of

the distal end (24) of the catheter (20) by movement of the external magnet

(40). Thus, when the external magnet (40) is at the minimum distance

required to supply a sufficiently strong magnetic field to allow the external

magnet (40) to manipulate of the distal end (24) of the catheter (20), the

reeds (6 1a and 61b) in the reed switch assembly (60) contact each other and

thereby actuate the signal generator (50).

The indicator (52) in the signal generator (50) can produce any

suitable signal that can be distinguished by a user, such as a light, a

vibration, a sound, or a digital readout. . In the preferred embodiment, the

indicator is a light, such as a light emitting diode (LED).

C, Optional Components

Optionally, the feeding tube apparatus (10) contains a spring wire

guide that is not attached to the stylet (not shown in figures). The spring

wire guide may be a J-wire or a straight spring wire guide. In this

embodiment, after the stylet (30) is removed from the catheter (20), the

spring wire guide can be placed in the catheter (20) until it protrudes from

the opening (26) at the distal end (25) of the catheter. Then the spring wire

guide can be used to facilitate guidance of the catheter as it advances through

the intestinal tract.

Optionally, the feeding tube apparatus contains a plunger (not shown

in figures) that can clear debris that collects in the catheter to eliminate the

need to remove catheter and replace with another one. In this embodiment,

after the stylet (30) is removed from the catheter (20), the plunger can be



placed in the catheter (20) to remove any debris that is obstructing the

delivery of nutrients and/or medicine to the patient, and/or preventing

aspiration.

Optionally the distal end of the stylet contains a pH sensor probe,

connected to a digital pH meter at the catheter proximal end. This allows

one to measure the pH of the surrounding environment around the catheter

distal end as the feeding tube apparatus is maneuvered through the patient to

help determine when the feeding tube apparatus reaches the desired location

for placement.

II. Kits for the Feeding Tube apparatus

A kit containing the feeding tube apparatus described above and an

external magnet may be provided.

a. External Magnet

The external magnet (40) can have any suitable shape or size that

allows manipulation by the healthcare provider. Figures 5A B and C depict

three representative designs for the external magnet. The external magnet

typically has a handle (42) attached to a base magnet (44). The handle may

be affixed perpendicularly to the base magnet (44), as shown in Figure 5A.

Alternatively, the handle may be attached to the base magnet (44) so that it is

parallel with the base magnet (44), as shown in Figures 5B and 5C.

The base magnet may have a wide range of dimensions and shapes.

In a preferred embodiment, the base magnet contains a surface distal to the

handle which is flat. This surface is designed to be placed in contact with a

patient's body. In one preferred embodiment, the base magnet is in the shape

of a cylinder.

Typical diameters for the base magnet range from about 1 inch to

about 5 inches, preferably from about 3 inches to about 4 inches. Typical

heights for the external magnet (i.e. both the handle and the base magnet)

range from about 3 inches to about 6 inches, preferably from about 3 inches

to about 4 inches.

The preferred material for the base magnet is Nedoymium N50 grade,

which can be used to form a small and light weight magnet that provides the

highest practical magnetic flux for its size and weight.



L Electromagnet

In one embodiment, the external magnet is an electromagnet instead

of a permanent magnet. In this embodiment, the electromagnet is preferably

attached to a modular power supply via a tether. The tether, in addition to

carrying the conductors, may provide conduits for water or gas circulation to

cool the electromagnetic probe and leads. For safety purposes, the tether

preferably has a braided ground wire. Thus if the conductive leads carrying

the high current to drive the electromagnet were in any way exposed, the

tether would short to ground, and the power supply would be immediately

shut down.

Benefits to using an electromagnet in the external magnet in place of

a permanent magnet include, allowing the magnetic field to be further

localized (smaller probe focuses the energy better), resulting i a more

focused and stronger magnetic field. This facilitates guiding the feeding tube

to its desired location. Additionally, an external magnet that contains an

electromagnet can be much lighter than an external magnet containing a

permanent magnet, such as having a weight from about 1 to 3 pounds, to

develop the same magnetic field. Further, the electromagnet is switchable,

so that it can be easily turned off when not it is in use. This prevents

accidental movement of the feeding tube apparatus out of its desired location

after placement in its desired location due to movement of the external

magnet.

Another benefit of an electromagnet is that it may eliminate the need

for the reed switch on the stylet, further reducing cost and complexity of the

stylet construction. This is possible since an electromagnet can monitor and

indicate the presence of another ferrous material that is being attracted to it.

As such, a numeric or graphical indicator on the electromagnet power supply

could provide an attraction indicator. With this construct, it would then not

be necessary to have a reed switch in the stylet, while still providing an

indication as to the presence and localization of the stylet tip to the

electromagnetic probe.



c. Optional components

Optionally the kit also includes one or more additional components

that assist the medical practitioner in use of the feeding tube apparatus.

Suitable additional components include a syringe, preferably a 60 CC

syringe; one or more towels; one or more cups, preferably at least two cups;

disposable gloves; Xylocaine gel (e.g. 2% Xylocaine gel); tape; gauze;

disposable magnet covers; spring wire guide, and/or pH paper. Optionally,

the kit contains a plunger or obturator that can clear clogs in the catheter to

eliminate the need to remove the catheter and replace with another one.

Optionally, the kit contains a spring wire guide that can be inserted into the

catheter after the stylet is removed.

III. Method of using Apparatus

The distal tip (25) of the catheter is introduced into the naris of the

patient's nose and advanced by the continued application of a compressive

force to the catheter forcing the distal tip (25) to the back portion of the

patient's head and into the esophagus. As is common, the passageway of the

esophagus affords ample guidance to the distal tip (25) whereupon it enters

the body portion of the stomach.

Figure 8 is an illustration showing the path of the catheter (20) within

anatomical quadrants of the small intestine. The catheter passes through the

stomach (380) to the distal duodenum (470) to allow for feeding to occur in

the distal duodenum (470), and thereby prevent aspiration of fluids to the

stomach.

After the catheter is placed in the desired location, the stylet is

removed. The catheter can remain in place when the patient undergoes

diagnostic tests, such as MRI imaging since the magnet or magnet stack was

removed from the catheter when the stylet was removed.

The stomach (380) has a generally J-shaped configuration extending

with generally its largest transverse anatomical size at about the cardiac

orifice, the entrance site to the stomach (380), and then proceeding in the

direction at which the stomach (380) functions to advance bolus, the

transverse dimension of the stomach narrows, and at an angular notch (420)

which is generally at the border between the left upper quadrant (LUQ) and



the right upper quadrant ("RUQ")- From the annular notch (420) there

commences a smaller transverse dimension at the pyloric part (440) typically

residing in the right upper quadrant together with pyloric sphincter (450).

The pyloric sphincter (450) is a muscular controlled closure which will dilate

as when a bolus comes into contact with the sphincter. Beyond the sphincter,

a bolus passes into the duodenum portion (460) that extends to the right

lower quadrant ("RLQ"), and then extends in a general horizontal direction

into the left lower quadrant ("LLQ") where the distal duodenum (470) of the

small intestine is located.

The catheter (20) of the feeding tube apparatus (10) described herein

can be directed through the intestinal tract to the desired location for

delivering nutrients using the external magnet (40). The distal tip (25) of the

catheter (20) is introduced into the naris (350) of the nose and advanced by

the continued application of a compressive force to the catheter forcing the

distal tip (25) of the catheter (20) back to the backward portion of the

patient's head and into the esophagus. Typically, the passageway of the

esophagus provides ample guidance to the distaϊ tip (25) of the catheter (20)

whereupon it enters the body portion of the stomach (380) at the lower

portion of the fundus. The movement of the distal tip (25) along the

esophagus and into the body of the stomach (380) occurs within the left

upper quadrant ("LUQ") of the patient's body, as indicated in Figure 8. Then

the external magnet (40) is applied to the patient's body within the minimum

distance required to create a magnetic field between the external magnet (40)

and the magnetic material(s) (32) located at the distal end (34) of the stylet

(30) that is sufficiently strong to allow the external magnet (40) to guide the

feeding tube apparatus (10) through the stomach (380), the annular notch

(420), the pyloric sphincter (450), into the duodenum portion (460), and into

the distal duodenum (470) of the small intestine.

In one embodiment, the stylet (30) contains a spring wire guide (48)

at its distal tip (35). In this embodiment, the catheter may be advanced

through the stomach, using the external magnet (40) as a guide until the

catheter passes through the pyloric sphincter (450) with the distal tip (35) of

the stylet (30) located inside the catheter, at the distal tip (25) of the catheter



(20), as shown in Figure 6B. After the catheter passes through the pyloric

sphincter (450), the spring wire guide (48) may be extended beyond the

distal tip (25) of the catheter, as shown in Figure 6A. Optionally, both the

spring wire guide and the magnetic material(s) (32) are extended beyond the

distal tip (25) of the catheter, as shown in Figure 6C. By extending the stylet

in this manner, the spring wire guide can be used to help navigate the

catheter through the curvy the duodenum portion (460) to the desired

location.

In another embodiment, the stylet does not contain a spring wire

guide at its distal tip (35). In this embodiment, the catheter may be advanced

through the stomach, using the external magnet (40) as a guide until the

catheter passes through the pyloric sphincter (450) with the distal tip (35) of

the stylet (30) located inside the catheter, and at the distal tip (25) of the

catheter (20), as shown in Figure 2A. After the catheter passes through the

pyloric sphincter, the stylet may be removed from the catheter and,

optionally, a spring wire guide may be placed in the catheter and extended

beyond the distal tip (25) of the catheter (not shown in figures). The spring

wire guide may be a J-wire or a straight spring wire guide. By extending the

spring wire guide in this manner, the spring wire guide can be used to help

navigate the catheter through the curvy the duodenum portion (460) to the

desired location.

Unless defined otherwise, all technical and scientific terms used

herein have the same meanings as commonly understood by one of skill in

the art to which the disclosed invention belongs.

Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific

embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the following claims.



We claim:

1. A feeding tube apparatus comprising a catheter and a

removable stylet, wherein the stylet comprises a proximal end and a distal

end, wherein the stylet comprises one or more magnetic materials in the

distal end, wherein a signal generator is connected to the proximal end,

wherein the distal end terminates with a distal tip.

2 . The feeding tube apparatus of claim 1, wherein the stylet

further comprises a reed switch assembly.

3. The feeding tube apparatus of claim 1, wherein the magnetic

material is selected from the group consisting of magnets and magnetically

attractive materials.

4. The feeding tube apparatus of claim 1, wherein the stylet

comprises more than one magnetic material in the form of a magnet stack.

5. The feeding tube apparatus of claim 4, wherein the magnet

stack comprises more than one group of magnetic materials, wherein each

group comprises more than one magnetic material.

6. The feeding tube apparatus of claim 1, wherein the stylet

further comprises a spring wire guide distal to the one or more magnetic

materials, wherein the spring wire guide terminates at the distal tip of the

stylet.

7. The feeding tube apparatus of claim 1, wherein the stylet

comprises a pigtail-shaped spring wire guide distal to the one or more

magnetic materials, and wherein the pigtail-shaped spring wire guide

terminates at the distal tip of the stylet.

8. The feeding tube apparatus of claim 1, wherein the signal

generator comprises an indicator capable of emitting a signal selected from

the group consisting of light, sound, vibration, and digital readout.

9. The feeding tube apparatus of claim 8, wherein the indicator

is a light emitting diode (LED).

10. The feeding tube apparatus of claim 4, wherein the magnet

stack further comprises spacers between each magnetic material.



11. The feeding tube apparatus of claim 5, wherein the magnet

stack comprises two or more groups of magnets, and wherein the magnet

stack further comprises a spacer between each group of magnets.

12. The feeding tube apparatus of claim 1, wherein the stylet is

formed from a dual durometer material.

13. The feeding tube apparatus of claim 1, wherein the stylet

comprises a pH sensor at the distal tip of the stylet.

14. The feeding tube apparatus of claim 1, wherein the wall of the

catheter comprises an MRI compatible reinforcing material.

15. The feeding tube apparatus of claim 1, wherein the wall of the

catheter comprises a smooth inner layer, a binder layer, a reinforcing

material, and an outer layer.

16. A kit comprising the feeding tube apparatus of any one of

claims 1 to 15 and an external magnet.

17. The kit of claim 16 wherein the external magnet comprises a

handle and a base magnet.

18. The kit of claim 16 wherein the external magnet is a

permanent magnet.

19. The kit of claim 16, wherein the external magnet is an

electromagnet.

20. The kit of claim 16, further comprising a spring wire guide, a

plunger, or both.

2 1. A catheter for use as a feeding tube, comprising dual

durometer tubing, wherein the catheter comprises a proximal end and a distal

end, wherein the proximal and the distal ends comprise a first material, and

wherein the region between the proximal and distal ends is more rigid than

the first material.

22. A catheter for use as a feeding tube, comprising dual

durometer tubing, wherein the catheter comprises a proximal end and a distal

end, wherein the proximal end comprises a first material, and wherein the

distal end is more rigid than the first material.

23. A method for intubating a patient to introduce nutrition to the

digestive tract beyond the stomach, comprising



selecting the feeding tube apparatus of any one of claims 1 to 15,

introducing the distal tip of the catheter into the patient's nose,

pushing the catheter through the patient's esophagus and to the

patient's stomach,

arranging an external magnet on the patient's abdomen to guide the

catheter through the patient's stomach,

guiding the catheter through the patient's stomach using the magnetic

field between the external magnet and the one or more magnetic materials in

the distal end of the stylet until the catheter passes through the pyloric

sphincter;

removing the stylet or extending the stylet beyond the distal tip of the

catheter to facilitate further advancement of the catheter.

24. The method of claim 23, further comprising after the stylet is

removed, inserting a spring wire guide and continuing to advance the

catheter.

25. A method for feeding a patient with a catheter, comprising

placing the feeding tube apparatus of any one of claims 1 to 15 through the

patient's digestive tract to the desired location for administering nutrients to

the patient,

removing the stylet, and

delivering nutrients to the patient from an opening at the distal tip of

the catheter.
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