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1
CATHETER APPARATUS AND METHOD

BACKGROUND

Catheters are used for a multitude of applications, which
may involve a variety of different components and may carry
out various functions to suit each specific application. Medi-
cal catheters are utilized for insertion into a patient for a
variety of purposes, such as to treat diseases or to perform
medical functions. Such applications may involve, for
example, insertion into vascular tissue for medical proce-
dures involving the inspection of tissue, manipulation or
modification of tissue (e.g., ablation), delivery of medical
devices such as stents, and removal of medical devices.

In many catheter applications, the ability to purposefully
place and implement catheters can be useful. For instance,
accurately controlling the position of a catheter relative to
tissue for treatment, medical device placement, or medical
device removal can be very useful. However, doing so can
also be challenging, particularly with respect to complex
anatomy and/or complex medical device applications.

Certain medical applications requiring intra-vascular
access for removal of medical devices can present chal-
lenges. For instance, accessing and securely removing medi-
cal devices may involve a delicate balance of the application
of force and related manipulation of the device to be
removed, while protecting the patient. Medical devices may
fracture upon the application of force, particularly if they
become fragile. In many applications, medical devices are
engaged with tissue within the patient and can be challeng-
ing to remove.

One particular application that may involve the deploy-
ment and subsequent removal of a medical device relates to
the use of filters within vascular tissue to filter blood flow.
Such filters may be utilized for a variety of purposes, such
as to capture blood clots in patients who are susceptible to
clotting. For instance, venous thromboembolism (VTE),
characterized as patient susceptibility to forming blood
clots, affects over 500,000 people each year, resulting in
over 300,000 deaths annually. When blood clots dislodge
from the lower extremities they can travel to the lungs where
a pulmonary embolism may occur, potentially resulting in
death. Some patients are fitted with an inferior vena cava
(IVCQ) filter. Many of these filters remain in patients longer
than the risk of pulmonary embolism persists, which may
result in filter fracture, migration, penetration of the caval
wall, or caval thrombosis. However, removing such filters
can be challenging, and particularly so for those filters that
have become embedded along the caval wall.

These and other matters have presented challenges to
catheters, for a variety of applications.

SUMMARY

Various example embodiments are directed to catheter-
based apparatuses and methods, which may address various
challenges including those noted above.

As may be implemented in accordance with one or more
embodiments, an apparatus includes a first catheter, a second
catheter and a shaft structure. The first catheter extends from
a proximal end to a distal end, the distal end having a
magnet. The second catheter extends from a proximal end to
a distal end, the distal end having a magnet. The second
catheter is configured and arranged with the first catheter to
align and connect the distal ends of the respective catheters
via magnetic coupling of the magnets to one another. The
shaft structure is configured and arranged with the first
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2

catheter and the second catheter to, with the first catheter
aligned to and connected to the second catheter via the
magnetic coupling, extend within the first catheter and into
the second catheter, through the connected distal ends of the
respective catheters. Various embodiments are directed to
methods of coupling catheters and extending shaft structures
therein, in accordance with the above.

In accordance with another embodiment, a method for
removing a filter from vascular tissue is carried out as
follows. A first catheter is deployed into the vascular tissue,
the first catheter extending from a proximal end to a distal
end, the distal end having a J-curve and a magnet axially
aligned with the first catheter, with the J-curve extending
partially around a structure of the filter. A second catheter is
deployed in the vascular tissue, extending from a proximal
end to a distal end, the distal end having a magnet axially
aligned with the second catheter and having a magnetic pole
that is arranged opposite the pole of the magnet of the first
catheter. The distal ends of the respective catheters are
aligned and connected via magnetic coupling of the magnets
to one another, therein forming a continuous channel
through the respective catheters in a loop around the struc-
ture of the filter. With the first catheter aligned to and
connected to the second catheter via the magnetic coupling
and extending in the loop, a wire is extended within the first
catheter and into the second catheter, through the connected
distal ends of the respective catheters, the wire forming a
loop around the structure of the filter. The first and second
catheters are then retracted along the wire, exposing the wire
in the vascular tissue. The filter is then removed by pulling
on the wire, using the looped portion thereof to grasp and
dislodge the filter from the vascular tissue.

The above discussion/summary is not intended to describe
each embodiment or every implementation of the present
disclosure. The figures and detailed description that follow
also exemplify various embodiments.

BRIEF DESCRIPTION OF FIGURES

Various example embodiments may be more completely
understood in consideration of the following detailed
description and in connection with the accompanying draw-
ings, in which:

FIGS. 1A and 1B show an apparatus including a “J” type
catheter 110 and a straight catheter 112 extending from a
sheath 102, in respective states of connectivity, in accor-
dance with various embodiments;

FIGS. 2A-2] show a catheter apparatus (or apparatuses) at
various stages of implementation for retrieving a filter, in
accordance with one or more embodiments, and in which:

FIG. 2A shows a first catheter;

FIG. 2B shows a the first catheter with a second catheter
positioned relatively, prior to connection;

FIG. 2C shows the first catheter magnetically coupled to
the second catheter;

FIG. 2D shows a wire partially inserted within the first
catheter;

FIG. 2E shows the wire extending through the first
catheter and into the second catheter;

FIG. 2F shows the respective catheters after disconnec-
tion;

FIG. 2G shows the second catheter having been partially
retracted along the wire;

FIG. 2H shows the first catheter having been partially
retracted along the wire;

FIG. 21 shows the wire, with both catheters having been
retracted from view; and
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FIG. 2] shows the wire tightened around a filter for
extraction thereof;

FIG. 3 shows a cross-sectional view of a distal end of a
catheter having magnets on an outer wall of the catheter, as
may be implemented in accordance with one or more
embodiments;

FIG. 4 shows a cross-sectional view of a distal end of a
catheter having magnets integrated within a sidewall of the
catheter, as may be implemented in accordance with one or
more embodiments;

FIG. 5 shows a cross-sectional view of a distal end of a
catheter having magnets on an inner wall of the catheter, as
may be implemented in accordance with one or more
embodiments;

FIGS. 6A-6F show respective steps in an approach for
coupling respective portions of a catheter in an artery or vein
in accordance with one or more embodiments, in which:

FIG. 6A shows a catheter inserted in the artery or vein;

FIG. 6B shows a second catheter inserted into the artery
or vein;

FIG. 6C shows advancement of a guide wire;

FIG. 6D shows further advancement of the guide wire;

FIG. 6E shows initial retraction of the catheters; and

FIG. 6F shows removal of the catheters from the body;

FIGS. 7A-7F show respective steps in an approach for
coupling respective portions of a catheter in a patient’s
stomach, in accordance with one or more embodiments, in
which:

FIG. 7A shows a catheter inserted in the stomach via the
patient’s mouth;

FIG. 7B shows a second catheter inserted into the stomach
via the patients abdominal wall;

FIG. 7C shows advancement of a guide wire;

FIG. 7D shows further advancement of the guide wire;

FIG. 7E shows initial retraction of the catheters; and

FIG. 7F shows removal of the catheters from the body;
and

FIG. 8 shows a perspective view of a catheter having
respective end portions with different magnetic properties,
in accordance with another embodiment.

While various embodiments discussed herein are ame-
nable to modifications and alternative forms, aspects thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, however,
that the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling
within the scope of the disclosure including aspects defined
in the claims. In addition, the term “example” as may be
used throughout this application is by way of illustration,
and not limitation.

DETAILED DESCRIPTION

Aspects of the present disclosure are believed to be
applicable to a variety of different types of apparatuses,
systems and methods involving catheter apparatuses and
their implementation. In specific embodiments, two cath-
eters respectively having magnetic ends are operable for
joining at the magnetic ends to form a continuous catheter/
catheter channel. For instance, each respective catheter can
be inserted into vascular tissue and around opposing sides of
an object within the vascular tissue, and joined to form a
loop around the object. In certain implementations, such an
approach further involves a shaft-type structure such as a
wire that is passed through the joined catheters. The cath-
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4

eters may subsequently be disconnected and removed, leav-
ing the shaft-type structure in place and looped around the
object.

Various aspects of the present disclosure have been shown
to be beneficial when used in the context of the removal of
objects from vascular tissue (e.g., via the looped wire), such
as for IVC filters or other types of filters as noted above.
Other applications may involve implementation with
chronic total occlusions and feeding tubes. While not nec-
essarily so limited, various aspects may be appreciated
through a discussion of examples using such exemplary
contexts.

Various aspects of the present disclosure are directed to a
catheter apparatus including a “J” type catheter (with a “J”
shape) and a second catheter, each catheter having distal
ends with magnetic characteristics (e.g., one or more mag-
nets). The respective catheters may be inserted into vascular
tissue, joined via the magnetic characteristics/magnets, and
therein form a continuous catheter channel through the
respective catheters and the joined ends. The “J” type
catheter may be positioned such that its “J” shape near its
distal end loops around a structure to be removed. The
second catheter can be positioned with is magnetic distal end
adjacent the magnetic distal and of the “J” type catheter, and
joined via magnetic forces. In some instances, the magnetic
ends are axially aligned with the respective catheters to
facilitate alignment of channels within the catheters and
subsequent passage for componentry through the connected
distal ends of the respective catheters.

A variety of different types of componentry can be passed
through the catheters, once joined. In some embodiments, a
wire (e.g., a flexible, 1 mm or less diameter hydrophilic
guide wire) is advanced through the magnetically joined
catheters to create a snare. Where a “J” type catheter is used,
the wire exhibits flexibility, relative to the catheter, such that
the wire passes through a “J” bend in the catheter. Once the
wire is in place, the catheters can be removed. With a “J”
type catheter as noted above, the “straight” catheter can be
removed first, utilizing the “J” shape to facilitate disengage-
ment of the magnetic ends. The “J” type catheter can then be
retraced along the wire, leaving the wire in place. Such an
approach may be utilized to loop one or more wires around
an [VC filter, with the wire or wires looped around the filter
adapting to small radii of curvature of the IVC filter, and
used to remove the IVC filter.

Magnetic attributes can be added to respective catheters
as noted herein, in a variety of manners. In some embodi-
ments, magnetic material is integrated within a catheter wall.
In other embodiments, magnets are secured to a catheter,
such as by shrink wrapping the magnets around an outer wall
of the catheter. In still other embodiments, magnetic com-
ponentry is inserted at an inner wall of the catheters. Such
magnets may be axially aligned to their respective catheters,
with opposite poles at the distal ends thereof such that the
magnets attract one another along a magnetic field that also
aligns the catheters to one another. Accordingly, when the
catheters are joined a continuous internal channel may be
formed through the respective catheters, which may effec-
tively operate as a single catheter.

In connection with one or more aspects herein, it has been
recognized/discovered that, upon insertion of distal ends of
catheters having magnetic componentry therein, the mag-
netic componentry readily aligns the distal ends of the
catheters for axial connection. For instance, certain embodi-
ments employ magnets that attract each other at a distance
of 27.8+/-1.3 mm away. The resulting connection is strong
enough to pass wire through the respective catheters, yet
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facilitate disconnection by application of tension force along
the catheters, for retracing along the wire (therein exposing
the wire). Moreover, the utilization of a “J” type catheter and
a straight catheter, together with magnetized distal ends,
facilitates a highly repeatable and rapid coupling of the
catheters around objects to be removed. As the respective
catheters are extended within vascular tissue, they tend to
follow opposing sidewalls within the vascular tissue and
facilitate looping around structures therein. Surprisingly,
this approach can be implemented to rapidly deploy a wire
snare or snares in a few minute’s time, for effectively
removing components such as IVC filters, with a very high
rate of success for looping around structures.

Various embodiments utilize multiple magnets that may
be connected to respective catheters via shrink-wrap or other
approaches. There are two catheters: a “J” catheter and a
straight catheter, which each serve a specific function. The
“J” catheter, with one or more magnets stacked at its tip, is
inserted first and allows for directionality to manipulate its
position around a device, such as an embedded filter. The
straight catheter creates the connection between the two
catheters, with one or more magnets at its tip.

The magnets may be secured to the outside of each
respective catheter using a 2.5 mm diameter shrink wrap to
maintain a smooth path for the wire to travel. Once the
magnets are attached, wire (e.g., a 0.89 mm diameter
(0.035") wire) is advanced through the catheters to create a
snare. When the wire is fed through to the other side, the
straight catheter is then removed, followed by the “J”
catheter. The flexible wire that remains looped around the
device may adapt to small radii of curvature of the device.
This in turn allows the magnets to maintain connection
while the wire is passed through. The magnetic coupling can
facilitate the connection between the two catheters, speeding
up the procedure. Additionally, the “J” catheter radius of
curvature may be roughly the same size as the IVC, and
allows the catheter to more easily bisect the device (e.g.,
filter) to be removed.

Magnet dissociation can be set to suit particular applica-
tions. Forces used when pulling devices, such as pulling
filters from the caval wall of vascular tissue, may be about
31.14 N, or 11.12 N and 4.41 N for filter removal. The
magnets are chosen to be dissociable with less than average
forces, so that the catheters can be safely removed without
accidentally dislodging the device simultaneously. For
instance, a value of 1.22 N (n=15, SD=0.255) force can be
useful to separate the magnetic catheters from each other.
This force is significantly less than the minimum 4.41 N
force found to be used to remove IVC filters from the caval
wall, therefore, the magnets are suitably calibrated to be
easily removed without causing the filter to shift before the
appropriate time (after the catheters have been removed to
expose the guide wire) in such applications.

As may be implemented in accordance with one or more
embodiments, an apparatus includes first and second cath-
eters and a shaft structure. The catheters extend from a
proximal end to a distal end, with the distal end of each
catheter having a magnet that align and connect the magnet
at the distal end of the other catheter. One of the catheters
may have a “J” type bend, that faces the surface of the distal
end back toward the proximal end of the catheters, and
which facilitates magnetic coupling with the second cath-
eter. The shaft structure (e.g., a wire) extends within the first
catheter and into the second catheter, through the magneti-
cally connected distal ends of the respective catheters.
Where the catheters are implemented with a bend, the shaft
flexibly extends within the bend as the shaft is extended
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through the first catheter and into the second catheter via the
distal ends of the respective catheters while the distal ends
are magnetically connected, therein forming a loop. As such,
the stiffness of the shaft can be set such that it will extend
through the magnetically connected shafts without breaking
the magnetic connection, and stay in place as the catheters
are retracted. In some implementations, the apparatus further
includes a sheath that houses the catheters, which operate to
extend from the sheath with each of the distal ends extending
freely and separate from one another, prior to connection of
the first catheter to the second catheter.

The catheters may be retracted along the shaft structure in
a variety of manners. In some embodiments, the shaft
structures are operable to disconnect at the magnets, and
retract along the shaft structure that extends from the first
catheter into the second catheter through the distal ends of
the respective catheters. This retraction exposes the shaft
structure for use. The shaft structure may, for example,
extend from the proximal end of the first shaft to the
proximal end of the second shaft, for use in grasping and
removing objects.

The distal ends of the catheters can be implemented in a
variety of manners. In some embodiments, the distal end of
the first catheter has a surface that mates flush with a surface
of the distal end of the second catheter when the respective
distal ends are magnetically coupled to one another. The
surfaces may be flat, jagged or curved, and fit flush to one
another in this regard. The magnets may be axially aligned
with poles relative to the respective distal ends, such that
they magnetically couple to one another with respective
surfaces of the distal ends of the catheters in contact with
one another and with the magnets axially aligned to one
another. The poles of the magnets on each catheter are thus
opposing such that they attract.

Turning now to the figures, FIGS. 1A and 1B show an
apparatus 100 including a “J” type catheter 110 and a
straight catheter 112 extending from a sheath 102, in respec-
tive states of connectivity. Each catheter has magnets 120
and 122 at distal ends thereof, which are configured and
arranged to axially align to one another upon connection. In
FIG. 1A, the “J” type catheter 110 is shown coupled to the
straight catheter 112, via magnets 120 and 122. Such cou-
pling may be carried out as characterized herein, such as to
loop the end of the “J” type catheter 110 around an object to
be grasped, and subsequently connecting the catheters at
their respective distal ends via the magnets. In FIG. 1B, a
guide wire 130 is shown having been passed through the
aligned catheters (e.g., as in FIG. 1A), and the distal ends
have been initially disconnected, with each catheter having
been partially withdrawn along the guide wire. Once the “J”
type catheter 110 is retracted around the loop end and
exposing the portion of the guide wire 130 therein, the guide
wire can be utilized for grasping an object, such as to remove
a filter as characterized herein.

FIGS. 2A-2] show a catheter apparatus (or apparatuses) at
various stages of implementation for retrieving a filter 202.
Referring to FIG. 2A, a first catheter 210 having a magnetic
distal end 220 is shown inserted into vascular tissue 200,
beyond a filter 202. In FIG. 2B, a second catheter 212 having
a magnetic distal end 222 is shown in position near the filter
202 within the vascular tissue 200, prior to engagement with
the magnetic distal end 220 of the first catheter 210. In FIG.
2C, the first catheter 210 and second catheter 212 have been
magnetically connected at their distal ends 220 and 222,
forming a continuous channel through the respective cath-
eters.
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With the catheters joined, componentry can now be
passed through the respective catheters. Referring to FIG.
2D, a wire 230 having an end 231 is shown partially inserted
into catheter 210, extending partially around the bend as
shown therein. In FIG. 2E, the wire 230 has been passed
through the distal end 220 of the first catheter 210, into the
distal end 222 of the second catheter 212, and further
through at least a portion of the second catheter (e.g., the
wire may be extend to a proximal end of the second catheter,
external to the vascular tissue 200).

With the wire 230 in place, looped around the filter 202,
the catheters can be removed. At FIG. 2F, the catheters 210
and 212 have been disconnected at their distal ends, with
each respective catheter shown as partially retracted along
the wire 230, a portion of which is exposed. In FIG. 2G, the
catheter 212 has been retracted from view, for example, such
as into a sheath as shown in FIG. 1A, or by removing the
catheter from the vascular tissue (and/or completely from a
patient). Catheter 210 is shown partially retracted in FIG.
2H, with the distal end 220 thereof passing around a bend in
the wire 230.

In FIG. 2I, both catheters have been completely removed
from view (e.g., with catheter 210 also retracted into a
sheath and/or removed from the vascular tissue 200), expos-
ing the wire 230. The wire 230 has also been positioned with
its loop around a base of the filter 202. In FIG. 2], the wire
230 has been tightened around the filter 202, which is ready
for extraction from the vascular tissue. Applying further
tension to the wire (in the vertical direction as shown in the
figure) effects removal of the filter 202. In various embodi-
ments, one or more additional wires are deployed in a
similar manner, prior to removal of the filter 202.

FIG. 3 shows a cross-sectional view of a distal end of a
catheter 300 having magnets on an outer wall of the catheter,
as may be implemented in accordance with one or more
embodiments. Magnet 310 is shown on an outer side of
catheter wall 302.

FIG. 4 shows a cross-sectional view of a distal end of a
catheter 400 having magnets integrated within a sidewall of
the catheter, as may be implemented in accordance with one
or more embodiments. Magnet 410 is shown integrated
within catheter wall 402.

FIG. 5 shows a cross-sectional view of a distal end of a
catheter 500 having magnets on an inner wall of the catheter,
as may be implemented in accordance with one or more
embodiments. Magnet 510 is shown interfaced with an
interior side of catheter wall 502.

As characterized herein, the apparatuses are applicable for
use with a variety of approaches. FIGS. 6 A-6F show respec-
tive steps in an approach for coupling respective portions of
a catheter, as may be applicable (for example) for revascu-
larization of an occlusion within an artery or vein. This
approach can help address challenges to inserting a catheter
or wire from one side until access through the occlusion is
obtained. Catheter portions with magnetic ends can be
inserted from different locations and joined (e.g., one from
the neck and another from a vessel in the groin or behind the
knee). Catheter portions can be placed in close enough
proximity such that magnets on the end of each catheter
couple, allowing a wire to be passed through to provide
through-and-through access to the occlusion, which can then
be treated (e.g., opened with balloons and fitted with a stent
or stents).

Beginning with FIG. 6A, a catheter 600 having a mag-
netic end 602 is inserted in an artery or vein (e.g., an internal
jugular vein), and advanced therein to area having a severe
occlusion or narrowing 604 (e.g., iliac vein). In FIG. 6B, a
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second catheter 610 having a magnetic end 612 is inserted
into the artery or vein from an opposite direction (e.g., via
the femoral vein), and advanced toward the occlusion 604
until the two magnets couple. A guide wire 630 is inserted
into catheter 600 as shown in FIG. 6C, and advanced until
it passes through the magnets 602 and 612, and through
catheter 610 as shown in FIG. 6D. Once the guide wire 630
has been set in place, both catheters can be retracted as
shown in FIG. 6E, and removed from the body as shown in
FIG. 6F. With the catheters removed, the guide wire is left
in place, creating a through-and-through access from one
point of the body to another. This may provide, for example,
access for a surgeon to open up the occlusion with balloons
or stents.

Another application for a catheter or catheters as charac-
terized herein may involve the insertion of a feeding tube, in
accordance with FIGS. 7A-7F. For instance, a puncture may
be made into a patient’s stomach through the abdominal
wall, and a first catheter may be passed into the stomach via
the puncture. A second catheter may be passed into the
stomach via the mouth and esophagus, joined with the first
catheter and used to pass a wire extending through the
mouth, esophagus, and out the abdominal wall. A feeding
tube can then be advanced over the wire.

Referring to FIG. 7A, a catheter 700 having a magnetic
end 702 is inserted into a patient’s stomach 703 via the
patient’s mouth. In FIG. 7B, a second catheter 710 having a
magnetic end 712 is inserted percutaneously into the stom-
ach 703 via the abdominal wall. Continue to advance the
catheter until the two magnets pair. A guide wire 730 is
inserted through the catheter 700 in FIG. 7C, and advanced
until it passes through the magnets 702/712 and out the other
catheter 710 as shown in FIG. 7D. In FIG. 7E, retraction of
both catheters is initiated, and the catheters are removed
from the patient’s body as shown in FIG. 7F, leaving the
guide wire 730 in place and providing through-and-through
access from the mouth, through the esophagus, and out the
abdominal wall. A gastrostomy tube (e.g., feeding tube) can
then be fed over the wire, through the mouth, and out the
abdominal wall.

Referring to FIG. 8, a perspective view of a catheter 800
is shown having respective end portions 810 and 820 with
different magnetic properties, in accordance with another
embodiment. When two such catheters are brought into
close proximity, they join magnetically in a manner as
characterized herein. For removal, the catheters can be
rotated relative to one another, such that the magnetic
attraction between the catheters is diminished.

In some implementations, end portions 810 and 820 have
magnetic poles that are opposite one another. These portions
connect to another catheter having a similar end with
opposing magnetic poles, such that the portions of each
catheter having opposing poles relative to the other catheter
magnetically attract one another. When the catheters are to
be detached from one another, they may be rotated relative
to each other so that end portions of each catheter having a
common magnetic pole are brought into proximity with one
another and repel each other for detachment.

In other implementations, end portion 810 is magnetic
and end portion 820 has no magnetic properties. When
another such catheter also has respective end portions that
are non-magnetic and magnetic (of an opposite pole relative
to end portion 810), the magnetic portions of the catheters
attract one another and join. When the catheters are rotated
relative to one another such that the respective magnetic
portions are facing non-magnetic portions, they may be
more easily detached.
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The catheter 800 may thus be utilized in connection with
various embodiments herein, such as those shown with
magnets 120 and 122 in FIGS. 1A and 1B, or with magnets
602 and 612 in FIG. 6B. Further, additional regions of
differing magnetic properties may be used, such as by
having four or more regions of alternating poles. In addition,
a variety of magnetic positioning may be used, such as
shown in FIGS. 3-5, with the magnets therein having two or
more sections of different magnetic poles.

In certain implementations, one or more steerable cath-
eters are used to set, adjust or modify curvature of the
catheter. For instance, a distal curve of a catheter may be
modified via a dial or other component at a proximal end of
the catheter, or by passing a wire having certain curvature or
varied curvature at different positions along the wire, to suit
particular applications. One or more such approaches could
be utilized with catheter 210 in FIG. 2A or catheter 600
shown in FIG. 6B, for generating the respective bends as
shown. This approach may, for example, be particularly
useful in tailoring the position of the catheters relative to
anatomy or physical dimensions of a filter (e.g., 202 of FIG.
2A). Further, steerable aspects can be utilized to decouple
magnets, such as by facilitating rotation of the catheters as
characterized with FIG. 8 and discussed above, or by
otherwise applying a decoupling force. For general infor-
mation regarding catheters, and for specific information
regarding steerable aspects as may be implemented in accor-
dance with one or more embodiments herein, reference may
be made to: the steerable catheter sold under the trademark
DiRex, available from Boston Scientific of Marlborough,
Mass.; to the steerable sheath sold under the trademark
HeartSpan, available from Merit Medical of South Jordan,
Utah; and to the steerable introducer sold under the trade-
mark Agilis and available from Abbot Laboratories of
Abbott Park, 11l. Further, for general information regarding
catheter wires, and for specific information regarding a
tip-deflecting wire as may be utilized with one or more
embodiments herein, reference may be made to the Reuter
tip-defecting wire guide available from Cook Medical of
Bloomington, Ind.

Various embodiments may also be carried out in the
context of those embodiments characterized in the underly-
ing provisional patent application, to which benefit is
claimed and which is fully incorporated herein by reference.
For instance, one or more embodiments may involve the
method-based approaches characterized therein, for deploy-
ing a snare or other tool for removing a filter or other
component from within vascular tissue.

Based upon the above discussion and illustrations, those
skilled in the art will readily recognize that various modi-
fications and changes may be made to the various embodi-
ments without strictly following the exemplary embodi-
ments and applications illustrated and described herein. For
example, magnetic components can be implemented in a
variety of manners, using different types of magnets (e.g.,
different shapes, or electromagnets). Further, different
approaches can be used for alignment of the respective
catheters, which may assist and/or replace magnetic align-
ment (and coupling). In addition, the various embodiments
described herein may be combined in certain embodiments,
and various aspects of individual embodiments may be
implemented as separate embodiments. For instance, certain
embodiments are directed to an individual catheter with a
magnetic end, which may align to a multitude of compo-
nents such as a complementary catheter as noted herein, or
medical devices having a magnetic connection (e.g., for
coupling to and delivery of drugs, fluid or other componen-
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try). Such modifications do not depart from the true spirit
and scope of various aspects of the invention, including
aspects set forth in the claims.

What is claimed is:

1. An apparatus comprising: a first catheter extending
from a proximal end to a distal end, the distal end having a
magnet; a second catheter extending from a proximal end to
a distal end, the distal end having a magnet, the second
catheter being configured and arranged with the first catheter
to align and directly connect the distal ends of the respective
catheters via magnetic coupling of the magnets to one
another; and a shaft structure configured and arranged with
the first catheter and the second catheter to, with the first
catheter aligned to and connected to the second catheter via
the magnetic coupling, extend within the first catheter and
into the second catheter, through the directly connected
distal ends of the respective catheters.

2. The apparatus of claim 1, wherein the first catheter and
the second catheter are configured and arranged to, with the
shaft structure extending from the first catheter into the
second catheter through the distal ends of the respective
catheters, disconnect at the magnets and retract along the
shaft structure to expose the shaft structure.

3. The apparatus of claim 1, wherein the first catheter and
the second catheter are configured and arranged to discon-
nect from one another at the magnets and, with the shaft
structure extending from the proximal end of the first
catheter to the proximal end of the second catheter through
the distal ends of the respective catheters, retract along the
shaft structure to expose the shaft structure.

4. The apparatus of claim 1, wherein the first catheter has
a bend that faces the distal end of the first catheter toward the
proximal end of the first catheter.

5. The apparatus of claim 1, wherein:

the first catheter has a bend that directs the distal end of

the first catheter back toward the proximal end of the
first catheter with the bend extending further than the
distal end, relative to the proximal end; and

the shaft is configured and arranged to flexibly extend

within the bend of the first catheter as the shaft is
extended through the first catheter and into the second
catheter via the distal ends of the respective catheters
while the distal ends are magnetically connected,
therein forming a loop.

6. The apparatus of claim 1, wherein the respective
magnets of the catheters are axially aligned with poles
relative to the respective distal ends, and are configured and
arranged to magnetically couple to one another with respec-
tive surfaces of the distal ends of the catheters in contact
with one another and with the magnets axially aligned to one
another.

7. The apparatus of claim 1, wherein the distal end of the
first catheter has a surface that mates flush with a surface of
the distal end of the second catheter when the respective
distal ends are magnetically coupled to one another.

8. The apparatus of claim 1, wherein:

the first and second catheters are configured and arranged

to extend around a graspable feature of a medical
device located within vascular tissue in which the
catheters are deployed, and to form a loop around the
graspable feature upon connection of the distal ends via
the magnetic coupling;

the shaft structure is configured and arranged to extend

through the respective catheters and the distal ends
thereof to loop around the graspable feature while the
respective catheters are connected to one another;
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the first and second catheters are configured and arranged
to, with the shaft structure extended through the respec-
tive catheters and the distal ends thereof, disconnect at
the magnets and retract along the shaft structure to
expose the shaft structure in the vascular tissue; and

the shaft structure is configured and arranged to, in
response to a tension force applied in the direction of
the proximal ends of the shaft, engage with and forcibly
remove the medical device from its location within the
vascular tissue.

9. The apparatus of claim 1, further including a sheath
configured and arranged to house the first and second
catheters, the first and second catheters being configured and
arranged to extend from the sheath with each of the distal
ends extending freely and separate from one another, prior
to connection of the first catheter to the second catheter.

10. The apparatus of claim 1, wherein:

the magnet at the distal end of the first and second

catheters each include different portions having oppo-
site magnetic poles; and

the first and second catheters are configured to disengage

using magnetic repulsion in response to rotation of the
first and second catheters relative to one another that
aligns magnetic portions of a common magnetic pole in
each of the first and second catheters with one another.

11. The apparatus of claim 1, wherein the second catheter
is configured and arranged with the first catheter to connect
the distal ends of the respective catheters by physically
contacting surfaces of the distal ends to one another with the
catheters extending away from one another and aligned with
each other along a common direction.

12. A method comprising: deploying a first catheter
extending from a proximal end to a distal end, the distal end
having a magnet; deploying a second catheter extending
from a proximal end to a distal end, the distal end having a
magnet; aligning and directly connecting the distal ends of
the respective catheters via magnetic coupling of the mag-
nets to one another; and with the first catheter aligned to and
directly connected to the second catheter via the magnetic
coupling, extending a shaft structure within the first catheter
and into the second catheter, through the directly connected
distal ends of the respective catheters.

13. The method of claim 12, further including:

disconnecting the distal ends of the first catheter and the

second catheter from one another, with the shaft struc-
ture extending from the first catheter into the second
catheter through the distal ends of the respective cath-
eters, and

retracting the first catheter and the second catheter along

the shaft structure to expose the shaft structure.
14. The method of claim 12, further including:
disconnecting the distal ends of the first catheter and the
second catheter from one another, with the shaft struc-
ture extending from the proximal end of the first
catheter to the proximal end of the second catheter
through the distal ends of the respective catheters; and

retract the first catheter and the second catheter along the
shaft structure to expose the shaft structure.

15. The method of claim 12, wherein deploying the first
catheter includes deploying a bend at the distal end of the
first catheter facing back toward the proximal end of the first
catheter.

16. The method of claim 12, wherein:

deploying the first catheter includes deploying a bend near

the distal end of the first catheter facing back toward the
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proximal end of the first catheter with the bend extend-
ing further than the distal end, relative to the proximal
end; and

extending the shaft structure includes flexibly extending

the shaft structure through the bend of the first catheter
back toward the proximal end of the first catheter, and
into the second catheter via the distal ends of the
respective catheters while the distal ends are magneti-
cally connected, therein forming a loop.

17. The method of claim 12, wherein:

the respective magnets of the catheters are axially aligned

with poles relative to the respective distal ends and the
catheters, and

aligning and connecting the distal ends of the respective

catheters includes magnetically coupling the magnets
to one another with respective surfaces of the distal
ends of the catheters in contact with one another and
with the magnets axially aligned to one another.

18. The method of claim 12, wherein aligning and con-
necting the distal ends of the respective catheters includes
mating an end surface of the distal end of the first catheter
flush with an end surface of the distal end of the second
catheter, with the distal ends magnetically coupled to one
another.

19. The method of claim 12, wherein:

deploying the first catheter and deploying the second

catheter includes positioning the respective catheters to
form a loop around a graspable feature of a medical
device located within vascular tissue in which the
catheters are deployed; and

extending the shaft structure by extending the shaft struc-

ture through the respective catheters and the distal ends
thereof to loop around the graspable feature while the
respective catheters are connected to one another.

20. The method of claim 19, further including discon-
necting the respective catheters at the distal ends thereof,
and retracting the catheters along the shaft structure to
expose the shaft structure in the vascular tissue.

21. The method of claim 20, further including:

applying a tension force to the shaft structure in the

direction of the proximal ends of the shaft; and
engaging with and forcibly removing the medical device
from its location within the vascular tissue.
22. A method for removing a filter from vascular tissue,
the method comprising:
deploying a first catheter into the vascular tissue, the first
catheter extending from a proximal end to a distal end,
the distal end having a J-curve and a magnet axially
aligned with the first catheter, with the J-curve extend-
ing partially around a structure of the filter;

deploying a second catheter in the vascular tissue, extend-
ing from a proximal end to a distal end, the distal end
having a magnet axially aligned with the second cath-
eter and having a magnetic pole that is arranged oppo-
site the pole of the magnet of the first catheter;

aligning and connecting the distal ends of the respective
catheters via magnetic coupling of the magnets to one
another, therein forming a continuous channel through
the respective catheters in a loop around the structure of
the filter;

with the first catheter aligned to and connected to the

second catheter via the magnetic coupling and extend-
ing in the loop, extending a wire within the first catheter
and into the second catheter, through the connected
distal ends of the respective catheters, the wire forming
a loop around the structure of the filter;



US 11,207,171 B2
13 14

retracting the first and second catheters along the wire,
exposing the wire in the vascular tissue; and

removing the filter by pulling on the wire, using the
looped portion thereof to grasp and dislodge the filter
from the vascular tissue. 5
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