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(57) Abstract: Catheter systems and meth-
ods are disclosed for anchoring the catheter
system (10) to tissue (25), e.g., for delivery
of biologic or chemical agents, or other ther-
apeutic fluid during various procedures. An
exemplary tissue anchoring catheter com-
prises an outer catheter shaft (16) connected
to a catheter handle (12). A delivery sheath
(18) is provided within the outer catheter
shaft (16), the delivery sheath (18) housing a
needle (20). At least one anchor (27, 28) is
operatively associated with the delivery
sheath (18), the at least one anchor operable
at the catheter handle (12) to secure the de-
livery sheath (18) to tissue (25) for convey-
ing biologic or chemical agents, or other
therapeutic fluid from the needle (20) to the
tissue (25). The tissue anchoring catheter
may further comprise sensing means (55)
such as piezoelectric, pressure, thermistor,
20 thermocouple, or ultrasound sensors.

18

FIG.1



wO 2009/082597 A9 IO 000 O A O A

Published: (48) Date of publication of this corrected version:
10 September 2010

—  with international search report (Art. 21(3))

—  with amended claims and statement (4rt. 19(1)) (15) Information about Correction:
see Notice of 10 September 2010



WO 2009/082597 PCT/US2008/085261

TISSUE ANCHORING CATHETER SYSTEMS AND METHODS
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to United States application no. 11/962,512,
filed 21 December 2007 (the ‘512 application). The €512 application is hereby
incorporated by reference in its entirety as though fully set forth herein.
BACKGROUND OF THE INVENTION
a. Field of the Invention
[0002] The instant invention is directed toward catheter systems and methods for
anchoring the catheter in tissue, e.g., for delivery of a biologic or chemical agent, or other
therapeutic fluid. In particular, the catheter of the present invention comprises anchoring
means which may be used to anchor the catheter system to the tissue, fluid delivery means
for delivery of a biologic or chemical agent, or other therapeutic fluid to the tissue, and
means for tissue contact assessment during these procedures.
b. Background Art
[0003] Normal heart rhythm is between 60 and 100 beats per minute. Tachycardia is a
fast heart rate (usually over 100 beats per minute) caused by disease or injury.
Tachycardias may begin in the upper chambers of the heart (the atria) or the lower
chambers of the heart (the ventricles). Some tachycardias are harmless, but other
tachycardias are life threatening. Tachycardias can deteriorate to fibrillation, a disorder in
which, the heart does not move enough blood to meet the needs of the body.
[0004] Atrial fibrillation (AF) is the most common abnormal heart rthythm. It is a very
fast, uncontrolled heart rhythm that occurs when the upper chambers of the heart (the atria)
try to beat so fast (between 350 and 600 times per minute) that they only quiver.
Ventricular fibrillation (VF) occurs when the lower chambers of the heart (the ventricles)
produce fast and erratic electrical impulses that fail to induce synchronous mechanical
contraction, such that oxygenated blood is not circulated through the body. Fibrillation in
the ventricles is a life-threatening arrhythmia demanding immediate treatment.
[0005] Before a tachycardia deteriorates to fibrillation, various procedures may be
used to treat the heart tissue and reduce or altogether eliminate the occurrence of
fibrillations. It is well known that treatment benefits may be gained by delivering biologic
or chemical agents, or other therapeutic fluid to heart tissue if the depth and location of
delivery can be controlled. For example, chemical agents may be used to create lesions in

tissue, which change the electrical properties of the tissue. For example, when lesions are
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formed at specific locations in cardiac tissue, undesirable atrial fibrillations may be
lessened or eliminated. Likewise, biologic and chemical agents may be delivered into
infracted tissue in the lower chambers of the heart (the ventricles) to promote angiogenesis
for the treatment of Ventricular Tachycardia (VT). Other procedures are also known for
treating these and other ailments. Use of particular biologic or chemical agents, or other
therapeutic fluid depends at least to some extent on the procedure, desired treatment, and
may also depend on other considerations, such as tissue characteristics.

[0006] Several difficulties may be encountered, however, when attempting to deliver
biologic or chemical agents, or other therapeutic fluid at specific locations in the tissue
using some existing catheters. For example, establishing and maintaining adequate tissue
contact during the procedure is not always readily achieved. Typically, the physician
determines tissue contact based on his/her experience maneuvering the catheter. Such
experience only comes with time, and may be quickly lost if the physician does not
perform the procedure on a regular basis. When used inside the heart, the beating heart
further complicates matters by making it difficult to establish and maintain sufficient
contact with the tissue for a sufficient length of time to deliver the desired dose of biologic
or chemical agents, or other therapeutic fluid. If the contact with the tissue cannot be
properly maintained during the procedure, the procedure may be unsuccessful and may
need to be repeated. In ablation procedures, for example, the amount of contact is critical
to form sufficiently deep ablative lesions on the tissue without damaging surrounding
tissue in the heart.

[0007] Thus, there remains a need for establishing and maintaining tissue contact

during a procedure for delivery of biologic or chemical agents, or other therapeutic fluid.

BRIEF SUMMARY OF THE INVENTION
[0008] It is desirable to be able to establish and maintain adequate contact with tissue
for delivery of biologic or chemical agents, or other therapeutic fluid during various
procedures. This can be accomplished by anchoring a portion of the catheter system to the
tissue for delivery of biologic or chemical agents, or other therapeutic fluid during various
procedures.
[0009] The present invention may be implemented in a catheter system that anchors to
tissue during a medical procedure (e.g., biologic treatment of VT or chemical ablation

procedures) for delivery of biologic or chemical agents, or other therapeutic fluid. In an
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exemplary embodiment, one or more anchoring means is operatively associated the distal
portion of the catheter system. Once positioned, the anchoring means enables a physician
(or other user) to maintain the position and desired level of contact with a moving tissue
for delivery of biologic or chemical agents, or other therapeutic fluid during the procedure.
[0010] The present invention includes tissue anchoring catheters. In an exemplary
embodiment, a tissue anchoring catheter comprises an outer catheter shaft connected to a
catheter handle. A delivery sheath is provided within the outer catheter shaft, and the
delivery sheath houses a needle. At least one anchor is operatively associated with the
delivery sheath. The at least one anchor is operable at the catheter handle to secure the
delivery sheath to tissue for conveying a fluid from the needle to the tissue.

[0011] The present invention also includes a system comprising means for guiding a
delivery sheath adjacent tissue. The system also comprises means for anchoring the
delivery sheath to the tissue. The system also comprises means for deploying a needle from
within the delivery sheath for conveying a therapeutic fluid from the needle to the tissue.
[0012] The present invention also includes methods of anchoring catheters. In an
exemplary embodiment, a method comprises: guiding a delivery sheath adjacent tissue,
anchoring the delivery sheath to the tissue, deploying a needle from within the delivery
sheath, and conveying a therapeutic fluid from the needle to the tissue.

[0013] In an exemplary embodiment, the anchor is a helical or spiral fixation needle.
The inner diameter of the catheter system is capable of supporting a spiral tipped fixation
needle. The helical needle is turned from the proximal end via a knob on the catheter
handle which pulls the distal portion of the catheter into the endocardial surface similar to
a corkscrew. This attachment allows the catheter system to be precisely positioned in an
area of infarction and helps maintain its position. Through the center of the spiral fixation
device, an injection needle (e.g., 25 gauge needle) is passed and pushed into the target
tissue. The catheter may also be used epicardially (e.g., from treatment of VT). In
exemplary embodiments, a preferentially directed needle may be injected into the
epicardial tissue near the infarction for delivery of a therapeutic fluid. The helical needle
may itself include at least one fluid delivery port, making the separate needle optional.
[0014] In another embodiment, the anchor includes at least one barb. The barb may
deploy automatically as the needle advances out of the delivery sheath. The barb may also

retract automatically as the needle is pulled back into the delivery sheath.
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[0015] In any event, the needle is capable of delivering biologic or chemical agents, or
other therapeutic fluid to the tissue over a time frame considered adequate by the physician
without concern that the catheter will move from its position.
[0016] The catheter system may also be implemented for tissue contact assessment.
For example, the catheter system may also comprise sensing means (e.g., piezoelectric,
pressure, thermistor, thermocouple, or ultrasound sensors) for assessing tissue contact. In
exemplary embodiments, the catheter system may include one or more electrodes for
electrogram mapping of heart tissue (e.g., for use endocardially for treatment of VT).
Feedback may be conveyed to the user in real-time (e.g., at a display device or other
interface) so that the user can properly position the catheter system adjacent the target
tissue and anchor the catheter system in place for the procedure.
[0017] Feedback may also enable the user to assess depth of the needle within the
tissue. A needle deployment system may be implemented to control needle depth near the
catheter handle. The needle deployment system may include an adjustable depth control
ring and a plunger. The needle deployment system ejects the needle from the delivery
sheath as the plunger is moved toward the depth control ring, and the depth control ring
stops movement of the plunger at a preset depth. The plunger may be spring-biased to
automatically retract the needle within the delivery sheath when the plunger is released.
[0018] The foregoing and other aspects, features, details, utilities, and advantages of
the present invention will be apparent from reading the following description and claims,
and from reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is a perspective view of an exemplary embodiment of a catheter system
which may implement anchoring means.
[0020] FIG. 2a is a perspective view of a tip portion of a sheath showing an
exemplary embodiment of a support structure providing mechanical support for a needle
within a shaft of the sheath. FIG. 2b is a cross-sectional view of the tip portion of the
sheath shown in FIG. 2a. FIG. 2¢ is a cross-sectional view of another exemplary
embodiment of a support structure providing mechanical support for the needle within a
shaft of the sheath.
[0021] FIG. 3 is a cross-sectional view of a tip portion of a catheter system showing

an exemplary needle for delivery of biologic or chemical agents, or other therapeutic fluid.



WO 2009/082597 PCT/US2008/085261

[0022] FIG. 4a-d are cross-sectional views of a needle showing an exemplary
embodiment of an anchor for securing the catheter system to a tissue, wherein (a) shows
the anchor in a closed position as it may be inserted into the tissue, (b) shows the anchor in
an engaging position within the tissue, (c) shows the anchor as it may be returned to a
closed position within the tissue, and (d) shows the needle as it may be withdrawn from the
tissue.
[0023] FIG. 5a-c are perspective views of a tip portion of a sheath showing another
exemplary embodiment of an anchor for securing the catheter system to a tissue, wherein
(a) shows the anchor adjacent tissue, (b) shows the anchor embedded in the tissue, and (¢)
shows the needle injected into the tissue.
[0024] FIG. 6 is a perspective view of a needle deployment system which may be
implemented to control insertion of the needle as illustrated in FIG. 5b-c.
[0025] FIG. 7a-b are side views of the needle deployment system shown in FIG. 6
illustrating exemplary use to control positioning of the needle.
[0026] FIG. 8 is a perspective view of a needle showing another exemplary
embodiment of an anchor for securing the catheter system to a tissue.
[0027] FIG. 9a-c are side views of the needle shown in FIG. 8 illustrating exemplary
use of the anchor.

DETAILED DESCRIPTION OF THE INVENTION
[0028] Several embodiments of a catheter system according to the present invention
are depicted in the figures as the catheter system may be anchored to tissue for delivery of
biologic or chemical agents, or other therapeutic fluid during a medical procedure. As
described further below, the catheter of the present invention provides a number of
advantages, including, for example, the ability to control and maintain tissue contact for
delivery of biologic or chemical agents, or other therapeutic fluid (e.g., for lesion
formation in tissue). The catheter system facilitates more reliable delivery of biologic or
chemical agents, or other therapeutic fluid, than other devices. The catheter system also
facilitates delivery of biologic or chemical agents, or other therapeutic fluid in difficult
environments (e.g., to the tissue of a beating heart).
[0029] Before continuing, it is noted that other components typical of systems which
are conventionally implemented for such procedures, are not shown or described herein for
purposes of brevity. Such components may nevertheless also be provided as part of, or for

use with, the catheter. For example, catheter systems commonly include or are used in
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conjunction with an ECG recording system, and/or various input and output devices. Such
components are well understood in the medical devices arts and therefore further
explanation is not necessary for a complete understanding of the invention.

[0030] FIG. 1 is a perspective view of an exemplary embodiment of a catheter system
10 which may implement anchoring means (such as the anchoring means shown in FIG.
4a-c, FIG. 5a-c, and FIG. 8). The catheter system 10 may include a handle 12 and
connector 14 at the base or proximal end 15. An outer catheter shaft also referred to as a
“guiding introducer” 16 having a tubular body is connected to the connector 14 on the
proximal end (e.g., illustrated by reference number 15 in FIG. 1) of the catheter system 10.
As used herein and commonly used in the art, the term "proximal" is used generally to
refer to components or portions of the catheter system 10, such as the handle 12 and
connector 14 that are located or generally orientated away from or opposite the heart or
other target tissue when the catheter system 10 is in use. On the other hand, the term
"distal" (e.g., illustrated in FIG. 1 by reference number 17) is used generally to refer to
components located or generally orientated toward the heart or other target tissue when the
catheter system 10 is in use.

[0031] The guiding introducer 16 defines at least one lumen or longitudinal channel.
A delivery sheath 18 is fitted through the guiding introducer 16. In one implementation, the
guiding introducer 16 and sheath 18 are fabricated from a flexible resilient material, and
are preferably fabricated of materials suitable for use in humans, such as nonconductive
polymers. Suitable polymers include those well known in the art, such as polyurethanes,
polyether-block amides, polyolefins, nylons, polytetrafluoroethylene, polyvinylidene
fluoride, and fluorinated ethylene propylene polymers, and other conventional materials.
Some portions of the guiding introducer 16 and/or sheath 18 may be braided for enhanced
stiffness.

[0032] In exemplary implementations, the guiding introducer 16 and sheath 18 are
each about two to four feet long, so that they may extend from the left atrium through the
body and out of the femoral vein in the right leg and be connected with various catheter
devices such as the connector 14, one or more fluid control valves 1-3, and the like.

[0033] The sheath 18 is configured to receive and guide a needle 20 within the lumen
to the target tissue. FIG. 2a is a perspective view of a tip portion of the sheath 18 showing
an exemplary embodiment of a support structure 22 providing mechanical support for the

needle 20 within a shaft of the sheath 18. FIG. 2b is a cross-sectional view of the tip
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portion of the sheath 18 shown in FIG. 2a. In this embodiment, the support structure 22 is
substantially star-shaped and maintains the needle 20 approximately in the center of the
sheath 18. FIG. 2c¢ is a cross-sectional view of another exemplary embodiment of a support
structure 22’ providing mechanical support for the needle 20 within a shaft of the sheath
18. In this embodiment, the support structure 22’ is substantially radial-shaped. This
embodiment also maintains the needle 20 approximately in the center of the sheath 18.
[0034] Although not required, the support structure 22 may include one or more
interstitial spaces (e.g., spaces 21 formed between the support structure 22 and the sheath
18 as shown in FIG. 2b-c). These interstitial spaces may be used to inject fluids around the
needle (e.g., flushing fluids, dyes, etc.).

[0035] Although the sheath 18 is depicted as having a circular cross-section, it is
noted that the sheath 18 may intentionally or unintentionally have a wide variety of cross-
sectional configurations and areas, and need not be circular. For example, manufacturing
irregularities may result in the sheath 18 having different cross-sectional configurations. Or
for example, the sheath 18 may be intentionally selected to have different cross-sectional
configurations to achieve desired properties.

[0036] Of course other designs of the support structure may also be implemented as
will be readily understood by those having ordinary skill in the art after becoming familiar
with the teachings herein. It is noted that the support structure need not maintain the needle
in the center of the sheath. It is only desired that the needle be maintained in a substantially
constant position within the diameter of the sheath so that the physician (or other operator)
will be better able to control positioning of the needle during the procedure.

[0037] The particular types and configuration of support structure used will depend at
least to some extent on design considerations. Exemplary design considerations may
include, but are not limited to, the material and desired structural properties, the length,
shape, and cross-sectional area of the sheath. And of course, the design parameters may be
different for various procedures or physician preferences.

[0038] The sheath 18 is pre-positioned in the appropriate location in the heart prior to
inserting the needle 20. To pre-position the sheath 18 at the appropriate location in the
heart, a dilator (not shown) is first fitted through the sheath 18. In an example of a
procedure within the left atrium, the sheath 18 and the dilator are first inserted in the
femoral vein in the right leg. The sheath and dilator are then maneuvered up to the inferior

vena cava and into the right atrium. In what is typically referred to as a transseptal
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approach, the dilator is pressed through the interatrial septum between the right and left
atria. A dilator needle may be used here to make an opening for the dilator to pass through.
This dilator needle is typically different from the needle 20 used for the procedure. The
dilator expands the opening sufficiently so that the sheath 18 may then be pressed through
the opening to gain access to the left atrium and the pulmonary veins. With the sheath 18 in
position, the dilator is removed and the needle 20 is fed into the lumen of the sheath 18 and
pushed along the sheath 18 into the left atrium. When positioned in the left atrium, various
procedures, such as those described above, may be performed within the heart tissue.
[0039] Before continuing, it is noted that the catheter system 10 has been described as
it may be inserted for procedures in the left atrium in the vicinity of or within the
pulmonary veins of the heart. The catheter system 10, however, is not limited to such
procedures, and may be used for procedures involving other target tissue in other areas of
the heart and body.

[0040] Once the sheath 18 is pre-positioned in the appropriate location in the heart,
the needle 20 may be at least partially extended out from the lumen at the distal end 17 of
the sheath 18 (e.g., in the direction illustrated by arrow 7a in FIG. 3) so that the needle 20
may be inserted into the target tissue for delivery of a biologic or chemical agent or other
therapeutic fluid. The needle 20 may also be retracted (e.g., in the direction of arrow 7b)
before removing the catheter system 10 from the body.

[0041] FIG. 4a-c is a cross-sectional view of a needle 20 showing an exemplary
embodiment of an anchor for securing the needle 20 to tissue 25. In this embodiment, the
needle 20 includes an inner portion 24 and an outer portion 26. The anchor is implemented
as one or more barbs (one barb 28 is shown) on the inner portion 24 of the needle 20. An
opening or window 30 is formed through the outer portion 26 of the needle 20. During use,
the needle 20 is advanced (e.g., in the direction illustrated by arrow 31a in FIG. 4b) so that
it extends beyond the sheath 18 and can be inserted into the tissue 25. The inner portion 24
of the needle 20 may then be further advanced within the tissue 25 (again in the direction
illustrated by arrow 31a). As the inner portion 24 of the needle 20 advances adjacent the
window 30, the barb 28 is automatically deployed (e.g., by a spring-like action) so that the
barb 28 extends through the window 30 and engages the tissue 25 as can be seen in FIG.
4b. Accordingly, the barb 28 secures the needle 20 to the tissue 25 for delivery of biologic

or chemical agents, or other therapeutic fluid.
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[0042] After delivery of the biologic or chemical agents, or other therapeutic fluid, the
inner portion 24 of the needle 20 may be further advanced into the tissue 25 (in the
direction illustrated by arrow 31b in FIG. 4c). As the inner portion 24 of the needle 20
advances, the barb 28 passes the opening of window 30 and retracts inside the inner
portion 24 of the needle 20 so that the barb 28 is in a closed position. The needle 20 can
then be retracted into the sheath 18 and removed from the tissue 25 (in the direction
illustrated by arrow 31c in FIG. 4d). It is noted that the inner portion 24 of the needle 20 is
withdrawn together with the outer portion 26 of the needle 20 in such a manner so as not to
redeploy the anchor 28 during removal.

[0043] FIG. 5a-c are perspective views of a tip portion of the sheath 18 (e.g., near
distal end 17 as it relates to the catheter system 10 shown in FIG. 1) showing another
exemplary embodiment of an anchor for securing the sheath 18 to a tissue 25. In this
embodiment, the anchor comprises a helical shaped needle 27. The anchor may be formed
as part of the sheath 18 itself. For example, the sheath 18 may include tubing made from
metal or other stiff material, which is cut (e.g., by laser) to form a flexible base portion 29
and a helical needle portion 27. In another example, the helical needle portion 27 may be
manufactured separately and attached to the sheath 18.

[0044] During use, the guiding introducer (refer to FIG.1 and description thereof; not
shown in FIG. 5a-c for purposes of clarity) may be positioned adjacent the tissue 25 and
the sheath 18 advanced so that the sheath 18 extends beyond the guiding introducer 16.
The sheath 18 can then be rotated (e.g., in the direction illustrated by arrow 32 in FIG. 5a)
so that the helical needle 27 engages the tissue 25 and secures itself to the tissue 25 as
shown in FIG. 5b. The needle 20 may then be advanced from within the sheath 18 (e.g., as
illustrated by arrow 34 in FIG. 5b) and into the tissue 25 as shown in FIG. 5S¢ for delivery
of biologic or chemical agents, or other therapeutic fluid. The needle 20 may be withdrawn
following delivery of the biologic or chemical agents, or other therapeutic fluid, and then
the helical needle 27 may be removed by rotating it in a direction opposite to that used to
engage the helical needle 27. The catheter system 10 may then be withdrawn from the
patient’s body in a conventional manner.

[0045] FIG. 6 is a perspective view of a needle deployment system 36 which may be
implemented to control insertion of the needle 20 to the desired depth within the tissue
(e.g., as illustrated by insertion of needle 20 into tissue 25 in FIG. 4b-c or FIG. 5b-c). The

needle deployment system 36 may be connected to any of a wide variety of catheter
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systems (e.g., to port 5 on the handle 12 of catheter system 10 shown in FIG. 1). The
needle deployment system 36 includes a handle portion 38 operatively associated with the
needle 20 via needle catheter 40. In particular, the needle catheter 40 is connected to a
plunger 42 in such a manner that movement of the plunger 42 is directly translated into
movement of the needle 20. Hence, the needle 20 moves out from the sheath 18 when the
plunger 42 is depressed, and the needle 20 moves back into the sheath 18 when the plunger
42 is automatically retracted or otherwise pulled back toward its starting position.

[0046] The needle deployment system 36 may also include a depth control ring 46. In
use, the plunger 42 may be pushed or otherwise moved toward the depth control ring 46
(thereby also moving the needle 20) until the plunger 42 abuts against the depth control
ring 46. The depth control ring 46 prevents the plunger 42 (and hence the needle 20) from
moving more than a predetermined distance. The predetermined distance is illustrated by
arrow 47 and is defined as the distance between the plunger 42 in a fully extended or
pulled-back position, and the inner surface of the depth control ring 46. The position of
depth control ring 46 on the handle portion 38 may be adjusted by turning the depth control
ring 46 on the threads 44 to control or set different predetermined distances 47 that the
needle can travel.

[0047] The plunger 42 may be spring-loaded. It is noted that the spring is internal and
therefore not shown in FIG. 6 for sake of clarity. However, the spring acts to bias the
plunger in a fully extended or pulled back position (e.g., as shown in FIG. 7a). A force
must be applied to the plunger 42 (e.g., by the user depressing the plunger 42) in order to
move the plunger 42, and hence the needle 20 (e.g., into the tissue). Accordingly, the
plunger 42 is automatically returned to its fully extended or pulled-back position when the
plunger 42 is released (e.g., to retract the needle from the tissue). This may help ensure that
the user does not leave the needle 20 exposed from the catheter shaft during removal of the
catheter system from the patient’s body. This may also help ensure that the needle 20 is not
accidentally deployed during placement of the catheter system in the patient’s body (doing
so could cause unintended damage to tissue or other parts of the patient’s body).

[0048] Other embodiments of needle deployment systems are also contemplated and
are not limited to the specific implementation shown in FIG. 6. For example, different
mechanisms for controlling the distance 47 between the plunger 42 and the depth control

ring 46 to control the distance 47 that the needle 20 can travel may be implemented.
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Likewise, positioning of the depth control ring 46 is not limited to threads and other
locking mechanisms may also be employed.

[0049] FIG. 7a-b are side views of the needle deployment system 36 shown in FIG. 6
illustrating exemplary use to control movement of the needle 20 (see FIG. 7b). In these
figures, the needle deployment system 36 is shown as it may be connected to port 5 of the
handle 12 of the catheter system 10 (e.g., refer to FIG. 1). In addition, the distal end
portion 17 of the catheter system 10 is shown as it may be wrapped back around toward the
handle 12 for purposes of illustration to show movement of the needle 20 in response to
movement of the plunger 42 (e.g., compare position of needle 20 between FIG. 7a and
FIG. 7b).

[0050] In FIG. 7a, the plunger 42 is shown in its fully retracted or pulled-back
position. The depth control ring 46 is set at a predetermined distance (i.e., distance 47 in
FIG. 6 corresponding to the desired movement of the needle 20). The needle 20 is retracted
within the sheath 18 as it cannot be seen at distal end portion 17 in FIG. 7a. Once
positioned in the heart, the plunger 42 may be pushed or otherwise moved toward the depth
control ring 46 (e.g., in the direction illustrated by arrow 48a) until the plunger 42 abuts
against the depth control ring 46.

[0051] Movement of the plunger 42 directly translates to movement of the needle 20,
and the needle 20 can be seen in FIG. 7b extending out from the sheath 18 at distal end
portion 17 of the catheter system 10. A syringe 49 may be connected to the needle
deployment system 36 as best seen in FIG. 7B for fluid delivery (e.g., biologic or chemical
agents, or other therapeutic fluid). The biologic or chemical agents, or other therapeutic
fluid is injected using syringe 49 and travels the length of the catheter for injection by
needle 20 into the tissue.

[0052] After injection of the fluid, the plunger 42 may be released. Spring-action may
automatically return the plunger 42 (e.g., in the direction illustrated by arrow 48b in FIG.
7a) to a fully retracted or pulled-back position. The needle 20 also retracts and can be
safely removed from the patients body by withdrawing the catheter system 10 ina
conventional manner.

[0053] FIG. 8 is a perspective view of a needle 20’ showing another exemplary
embodiment of an anchor for securing the needle 20’ to a tissue 25. In this embodiment,
the anchor again comprises a helical shaped needle. However, instead of the anchor being

formed as part of or connected to the sheath 18 (as in the embodiment shown in FIG. 5a-c),
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the anchor is formed as part of the needle 20°. The needle 20’ may have one or more fluid
ports (e.g., ports 50, 51) so that the needle 20’ serves both as the anchor and the means for
delivery of biologic or chemical agents, or other therapeutic fluid to the tissue.

[0054] FIG. 9a-c are side views of the needle 20’ shown in FIG. 8 illustrating
exemplary use of the anchor to secure the needle 20’ to the tissue 25. During use, the
guiding introducer (refer to FIG. 1 and description thereof; not shown in FIG. 9a-c for sake
of clarity) may be moved (e.g., in the direction illustrated by arrow 52 in FIG. 9a) so that
the distal end portion of sheath 18 is positioned adjacent the tissue 25. The needle 20’ can
then be advanced by rotating it (e.g., in the direction illustrated by arrow 53 in FIG. 9a) so
that the needle 20° engages the tissue 25 and secures the needle 20’ to the tissue 25 as
shown in FIG. 9b. The needle 20’ may then be used for delivery of biologic or chemical
agents, or other therapeutic fluid. After delivery, the needle 20’ may be rotated opposite to
the direction illustrated by arrow 53 in FIG. 9a to release the needle 20’ from the tissue 25.
The needle 20’ can then be retracted back into the sheath 18 (e.g., in the direction
illustrated by arrow 54 shown in FIG. 9¢) and removed from the patient’s body in a
conventional manner.

[0055] It is noted that the various embodiments of catheter system 10 described above
with reference to the figures may also be implemented with a wide variety of different
sensing means. These sensing means enable the catheter system 10 to be implemented for
tissue contact assessment during the procedures, including contact of the sheath and other
distal-end components of the catheter system 10 with the tissue 25, and depth of the needle
25 within the tissue 25.

[0056] In an exemplary embodiment, the catheter system 10 may include one or more
piezoelectric sensor embedded in the sheath 18. The piezoelectric sensor generates electric
signals in response to stresses caused by contact with the tissue. Radiopaque sensors
(illustrated by bands 55 shown in FIG. 1) may also be used. Still other exemplary sensing
devices may include pressure, thermistor, thermocouple, or ultrasound sensors. In addition,
more than one sensor or type of sensor may be implemented to provide additional feedback
to the user. In any event, when the sheath 18 is positioned in contact with and/or moved
over a tissue, the sensor generates an electrical signal corresponding to stress caused by
this contact and/or movement.

[0057] In another exemplary embodiment, the needle may be coated with conductive

material, and/or conductive fluids may flow through the sheath 18 (e.g., through interstitial
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spaces shown in FIG. 2b and FIG. 2¢) and around the needle. The corresponding electrical
signals may be used to indicate depth of the needle in the tissue. For example, impedance
measurements may be correlated to tissue depth assessment.

[0058] Electrical wiring (not shown) may also extend through the lumen of the
catheter system 10 to enable these sensors. The electrical wiring may convey electrical
signals from the sensor(s) to a data acquisition/processing/output device (also not shown),
such as, e.g., an echocardiogram (ECQG) device. Alternatively, a wireless connection may
be implemented, e.g., by providing a transmitter in the catheter and a receiver in
association with the data acquisition/processing/output device. Accordingly, the electrical
signals from the sensor(s) may be viewed by the user, e.g., as output on an electrical
monitoring device. The resulting electrical signal may be processed and/or otherwise
output for the user so that the user is able to assess tissue contact by the catheter system 10.
[0059] It is noted that any suitable analog and/or digital device may be implemented
for outputting the electrical signals generated by the sensor(s) to a user. In addition, the
electrical signals may be further characterized using a suitable processing device such as,
but not limited to, a desktop or laptop computer. Such processing device may be
implemented to receive the voltage signal generated by the contact assessment sensor(s)
and convert it to a corresponding contact condition and output for the user, e.g., at a
display device, an audio signal, or tactile feedback or vibrations on the handle of the
catheter. In any event, circuitry for conveying output of the piezoelectric sensor to a user in
one form or another may be readily provided by those having ordinary skill in the
electronics arts after becoming familiar with the teachings herein.

[0060] Although several embodiments of this invention have been described above
with a certain degree of particularity, those skilled in the art could make numerous
alterations to the disclosed embodiments without departing from the spirit or scope of this
invention. References are only used for identification purposes to aid the reader's
understanding of the present invention, and do not create limitations as to the position,
orientation, or use of the invention. In addition, various combinations of the embodiments
shown are also contemplated even if not particularly described. Changes in detail or
structure, such as but not limited to combinations of various aspects of the disclosed
embodiments, may be made without departing from the spirit of the invention as defined in

the appended claims.
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CLAIMS

What is claimed is:
1. A tissue anchoring catheter comprising:

an outer catheter shaft connected to a catheter handle;

a delivery sheath provided within the outer catheter shaft, the delivery sheath
housing a needle; and

at least one anchor operatively associated with the delivery sheath, the at least one
anchor operable at the catheter handle to secure the delivery sheath to tissue for conveying
biologic or chemical agents, or other therapeutic fluid from the needle to the tissue.
2. The tissue anchoring catheter of claim 1, wherein the anchor is a helical needle.
3. The tissue anchoring catheter of claim 2, further comprising a flexible base portion
between the helical needle and a distal end of the delivery sheath.
4, The tissue anchoring catheter of claim 2, wherein the helical needle includes at

least one fluid delivery port.

5. The tissue anchoring catheter of claim 1, wherein the anchor includes at least one
barb.
6. The tissue anchoring catheter of claim 5, wherein the at least one barb deploys

automatically as the needle advances out of the delivery sheath.

7. The tissue anchoring catheter of claim 5, wherein the at least one barb retracts
automatically as the needle is pulled into the delivery sheath.

8. The tissue anchoring catheter of claim 1, further comprising a needle deployment
system near the catheter handle, the needle deployment system including an adjustable
depth control ring and a plunger, the needle deployment system ejecting the needle from
the delivery sheath as the plunger is moved toward the depth control ring, and the depth
control ring stopping movement of the plunger at a preset depth.

9. The tissue anchoring catheter of claim 8, wherein the plunger is spring-biased to

automatically retract the needle within the delivery sheath when the plunger is released.

10.  The tissue anchoring catheter of claim 1, wherein the tissue is tissue of an internal
organ.
11.  The tissue anchoring catheter of claim 1, further comprising a support structure

within the delivery sheath, the support structure providing mechanical support for the

needle.
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12. The tissue anchoring catheter of claim 11, wherein the support structure is
substantially star-shaped.
13. The tissue anchoring catheter of claim 11, wherein the support structure is
substantially hub-shaped.
14.  The tissue anchoring catheter of claim 11, wherein the support structure includes
interstitial spaces forming a fluid delivery conduit between the delivery sheath and the
needle.
15.  The tissue anchoring catheter of claim 1, further comprising at least one sensor at a
distal end of the outer catheter shaft, the at least one sensor responsive to contact of the
outer catheter shaft with tissue, the at least one sensor generating electrical signals
corresponding to the amount of contact with the tissue.
16.  The tissue anchoring catheter of claim 1, further comprising at least one sensor at a
tip portion of the outer catheter shaft, the at least sensor responsive to contact of the outer
catheter shaft with tissue, the at least one sensor generating electrical signals corresponding
to the amount of contact with the tissue.
17. The tissue anchoring catheter of claim 1, wherein the needle is conductive, the
conductive needle sensing needle contact with the tissue.
18. A method comprising:

guiding a delivery sheath adjacent a target location;

anchoring the delivery sheath to the target location;

deploying a needle from within the delivery sheath; and

conveying biologic or chemical agents, or other therapeutic fluid from the needle to
the target location.
19.  The method of claim 18, further comprising assessing depth of the needle within
the target location.
20.  The method of claim 18, wherein the needle anchors the delivery sheath to the
tissue and the biologic or chemical agents, or other therapeutic fluid is delivered from the
same needle anchoring the delivery sheath to the target location.
21.  The method of claim 18, further comprising deploying at least one barb as the
needle advances out of the delivery sheath to anchor the delivery sheath to the target
location.
22.  The method of claim 21, further comprising retracting the at least one barb as the

needle is pulled back into the delivery sheath.
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23.  The method of claim 18, further comprising ejecting the needle from the delivery
sheath as a plunger is moved on a catheter handle, and stopping movement of the plunger
at a preset depth.
24, The method of claim 23, further comprising automatically retracting the needle
within the delivery sheath when the plunger is released.
25. A system comprising:

means for guiding a delivery sheath adjacent tissue inside a patient’s body;

means for anchoring the delivery sheath to the tissue; and

means for deploying a needle from within the delivery sheath for conveying
biologic or chemical agents, or other therapeutic fluid from the needle to the tissue.
26.  The system of claim 25, further comprising:

means for automatically deploying an anchor as the needle advances out of the
delivery sheath; and

means for retracting the anchor as the needle is pulled back into the delivery sheath.
27.  The system of claim 25, further comprising:

plunger means for ejecting the needle from the delivery sheath;

means for stopping movement of the plunger means at a preset depth; and

means for automatically retracting the needle within the delivery sheath if the
plunger means is released.
28. A tissue anchoring catheter comprising:

an outer catheter shaft connected to a catheter handle;

a delivery sheath provided within the outer catheter shaft; and

an anchor operatively associated with the delivery sheath, the anchor having at least
one fluid delivery port, the anchor operable at the catheter handle to both secure the
delivery sheath to tissue and convey biologic or chemical agents, or other therapeutic fluid
to the tissue.
20. The tissue anchoring catheter of claim 28, wherein the anchor is a helical needle.
30.  The tissue anchoring catheter of claim 28, wherein the anchor is a helical needle

including a plurality of fluid delivery ports.
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AMENDED CLAIMS
received by the International Bureau on 21 April 2010 (21.04.2010)

1. A tissue anchoring catheter comprising;

an ouier catheter shatt connected o a catheter handle;

a delivery sheath provided within the outer catheter shafl, the delivery sheath housin g
a needle; and

al least one unchor operatively asyocjated with the delivery sheath, the at least onc
unchor gperable at the catheter handlc to secure the delivery sheath to tissue for conveying
biologic or chemical ayents, or other therapeutic fluid from the needle to the tissue, whercin
the anchot is antomatically deployed when the needle is advanced adjacent a window to
engage the tissue, and the anchor passing the window and retracting inside an inner pottion of
the needle when the needle is further advanced into the tissue after delivery ol the biologic or
chernieal agents or other therapeutic fluid so that the needle can be withdrawn from the

patient without damaging the tigsuo.

2. The tisaue anchoring cathetor of cluim 1, wherein the anchor includes at least one
birh.
3 The tissue anchoring catheter of ¢laim 2, whetein the at lenst one barb deploys

autamatically as the needle advances out of the delivery sheath,

4. The tissue anchoring cathster of claim 2, wherein the at least one bath retracte
automatically as the needle s pulled into the delivery sheath,

5, The tissue anchoring catheter of claim 1, further comprising & nsedle deploymant
system near the catheter handle, the needle deployment system including an adjustable depth
control ring and a pluniger, the needle deployment system ejecting the needle from. the
delivery sheath as the plunger is moved toward the depth control ring, and the depth control
ring stopping movement of the plunger at a preset depth, a position of the depth control ring
adjustable by turning the depth control ring on throads to sct different predetenmined
dislances that the needle travels, wherein the threads serve-as a locking mechanism.

G, The tissue anchoring catheter of claim 5, wherein the plunger is spring-biased to

automatically retract the needle within the delivery sheath when the plunger is released.

7. The tigsue anchoring catheter of claim 1, whetein the tissue is tissue of an internal
organ,
8. The tissue anchoring catheter of ¢laim 1, further comprising a support structure within

the delivery sheath, the support structure providing mechanical support for the needle.
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9, The tigsue anchoring catheter of claim 8, wherein the support structure is stbstantially
star-shaped.
10, The tissue anchoring catheter of claim 8, wherein the support structure is substantially
hub-shaped.
11, The tissue anchoring catheter of claim &, whertsin the support structure includes
interstilial spaces farming a fluid delivery conduit between the delivery sheath and the
ncedle,
12, The ussuc anchoring catheter of claim 1, further comprising at least one sensor at a
distal end of the outer catheter shaft, the at least one sensor responsive to contact o”the outer
catheter shaft with tissue, the at least one sensor gencrating cleetrical signals corresponding 1o
the amount of contact with the tissue,
13, The tissue anchoring catheter of claim 1, further comptising at least one sensor at a tip
portion of the outer catheter shafi, the at least sensor resp01:1sive to contact of the outer
catheter shaft with tissue, the ot Teast one sensor generating electrical signals corresponding 1o
the amount of contact with the tissue.
14, The tissue anchoring eatheter of claim 1, wherein the needle is conductive, the
conductive needle sensing needle contact with the tissue.
I3, A metheod comprising;

guiding a delivery sheath adjacent tissue inside a patient’s body;

anchoring the delivery sheath (o the tissue;

deploying n needla from within the delivery sheath, wherein the needle is withdrawn
within and rewracted from 8 serew anchor during use; and

canveying biologie or chemical agents, or other therapeutic fluid from the needle 1o
the tissue,
16.  The method of ¢claim 15, further comnprising ussessing depih of the needle within the
tissue,
17.  The method of ¢laim 185, wherein the needle anchors the delivery sheath to the tissue
and the biologic or chemical agents, or other therapeutic fluid js delivered from the same
needle anchoring the delivery sheath to the tissue, '
18. The method of ¢claim 15, further comprising gjecting the needle [rom the delivery
shieath as a plunger Is moved on a catheter handle, and stopping movement of the plunger at a
meset depth.
19, The method of claim 18, further comprising automatically retracting the needle within

the delivery sheath when the plunger is released.
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20, A gystem comprising:

means Tor guiding a delivery sheath adjacenl tissue inside a patient’s Lady;

means for anchoring e delivery sheath to the tissue; and

means for deploying a needle from within the delivery sheath for conveying biologic
or chemical agents, or other therapeutic tuid from the needle to the tissue, whetein the means
for anchoting is automatically deployed when the needle is advanced adjacent a window {0
ongage the tissue, and the means for anchoring passing the window and retracting inside an
inner portion of the needle when the needle is further advanced into the tissue after delivery
ol the biologic or chemical agents or other therapeutic fluid so that the needle can be
withdrawn from ihe patient without damaging the tissue.
21, The system of elaim 20, furiher cétnprisi11g:

means for automatically deploying an anchor as the necdle advances out of the
delivery sheath; and

means for retracting the anchor us the neadle is pul'lcd back inta the delivery sheath.
22, The gyster of elaim 20, furthor comprising:

plunger means for gjocting the nesdle from the dellvery sheath:

means for stopping movement of the plunger means at o preset depth; and

means for automatically retracting the needle within the delivery sheath if the plunger
means is relcased.
23, A ussue anchoring catheter comprising:

an outer catheter shalt conmected (o u catheter handle;

a delivery sheath provided within the suter catheter shall; and

an anchor operatively associated with the delivery sheath, the anchor having at loast
one fluid delivery port, the anchor operable at the catheter handie to both secure the delivery
sheath to tissue and convey biologic or chemical agents, or other therapeutic fluid to the
tissue, wherein a needle is withdrawn within and retracted from within the anchor during use.
24,  The tissue anchoring catheter of claim 23, wherein the anchor is a helical needic,
25. The tissue anchaoriug catheter of claim 23, wherein the anchor is a helical needle

including a plurality of fluid delivery potts.
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ARTICTE 19~ STATEMENT

To the International Preliminary Bxamining Authority:

Applicant makes the Tollowing Reply to the Written Opinion of the Iniernational
Preliminary Examining Authorlty datad 04 Februnry 2009. AppHoant respectfully requesty
that this Reply be made of record,

The Examiner males Jack of inventive step rejections over US Fatenl 6,554,794
(Mueller) as disclosing 2 multi-lumen catheter, and then relics on a vasiety of other patonts to
disclose the specifio enchoring foatures.

Specifically, the Examiner relies on US Pat Pub 20060264950 (Nelson) as disclosing
the “barb” feature, e.z, as shown in Applicant's Figures 4¢A-D, Nelson discloses a bone
reinforcement device which may be collapsible for deployment, and then expands so that it
ean be secured in place (Figures 1o and 1b), However, Nelson discloscs rotating the setwator
110 such that the drive shaft is drawn into the aetuator, which in turn pulls the lgeth 142 into
position adjacent the slots 152 (para. [0084]). Applicant discloses advancing the needle 20
adjacent the window 30 so that the barb 28 is automatically deployed to engage the tigsue 25,
and fluther advancing the needle 20 into the tissue after delivery ot the
bialoglc/chemical/therapentic agent so that the barl 28 pusses the opening of window 30 and
refracts inside the inner portion 24 of the needle so that the barb 23 iz in a closed pasition,

Accordingly, the needle can be withdrawn from the patient without damaging tissue. See,

8.g., para [0042], Nelson does not disclose these features because Nelson is not concermed

with withdrawing the bone suppott from the patient.

The Examitier also relles on US Pat 5,405,376 (Mulier) as disclosing the “screw”
anchor, e.g., as shown in Applicant’s Figures 5, 8 and 9. Mulier discloses an ablation catheter
with a helical hollow needie. Howsver, Mulier does not teach or suggest the amended claims
which more speeifically tecite that the needle is withdrawn within and retracted from the

serew anchor during use, c.g., as shown in Fipures SA and 5B,

The Examiner also relies on the depth siop 210 in Mueller as disclosing the depth
control ring in Applicant’s claims, o.g., as shown in Applicant’s Figures 6 and 7. The ¢laims
are amended to recite further details sbout the depth control ring, e.g., that the position of the
depth control ring 46 may be adjusted by lumning the depth control rng 46 on the threads 44
to control or set different predetermined distances 47 that the needle can travel. Support for
this amendment ¢an be found in the specification as originally filed, e.g.. para. [004G]). The
claims are also amended to better specify the locking mechanism, which Mueller does not
teach of suggest. Support for €his amendment cau be found in the spesification as originally
filad, ez, para [0048].

Applicant believes that the claims are novel end include inventive step over the

reforetiges made of cecord for at least the reasons discussed above,
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