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METHODS AND DEVICES FOR DIASTOLIC ASSIST

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001]  This application claims the benefit of priority to U.S. Provisional Patent
Application Nos. 61/584,332 filed September 30, 2013, 617911 436 filed December 3,
2013, and 62/046,863 filed September §, 2014 and is a continuation-in-part of U.S. Patent
Application Number 14/152 189 filed January 10, 2014, the contents of which re

mcorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
{0002] Congestive heart failure {CHT) in the United States has a prevalence of
approximately 5.8 nuilion people and an incidence of approximately 550,000 people
annually, CHF is a rapidly growing medical problem. CHF can be categorized as erther
systolic heart failure (SHF) or diastolic heart fatlure (DHF). The estimated direct and
mndirect cost of CHF in the United States for 2009 1s §37.2 billion, CHF is the primary
reason for 12-15 million office visits and 6.5 million hospital days each year. CHF 15 also
thought to be the canse of at least 20 percent of all hospital admissions among patients
older than 65. Over the past decade, the rate of hospitalizations for heart fatture has
mereased by 159 percent. About half of all patients with CHF have DHF. DHF has an
annual mortality of ~10%.
{0003] The hearts of patieats with diastolic dystunction can contract normally or even
with hyperdyvnamic function. However, 1 patients experiencing DHF, the part of the
cardiac cycle that involves diastole is abnormal as the left veniricle cannot relax or expand
sufficiently. The inability of the lefi ventricle to fully relax results in sub-optimal filling of
the left ventricle with blood.
{0004] In particolar, diastohc dysfunction s determined by two factors: 1) active
myocardial refaxation, primarily affecting early diastole; or 2} passive elasticity or
distensibility of the left ventricle, primarily affecting late diastole.
{0005] The abnormal filling of the ventricles in DHF results 1 imited cardiac output,
gspecially duning exertion. As a result, for any given ventricular volume in o heart with
DHF, ventricular pressures are elevated, with backup in the circulatory system, leading to

pulmonary congestion and edema identical to those seen in patients with SHF.
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Svimyptomaticaily, patients may immediately feel short of breath. This dysfunction can
altimately lead to multiorgan dysfunction and death.
{0006]  There are currently no approved devices for diastolic dysfunction. Additionally,

pharmacentical intervention has not vet shown to improve outcomes in this population.

BRIEF SUMMARY OF THE INVENTION
{6007] The present disclosure includes devices and methods to increase volume in
these hyperdynamic hearts to allow improved physiclogy and ventricular filling and to
reduce diastohic filling presswre. For example, the treatments described herein, when
performed in a diseased heart, can resulf in the heart chamber filling to an increased
volume of blood {as compared to pre-treatment volumes) at the same pressure. Thereby,
the chamber can move more volume than i could pre-treatment.
{0008] In a first variation, the disclosure includes a method of improving a diastolic
heart function m a heart of a patient having diastolic heart dysfunction. One variation of the
method includes positioning a medical device within a body of the patient; advancing the
medical device mnto an mierior chamber of the heart; creating at least one meision m
cardiac muscle forming an interior heart wall of the interior chamber without cutting
through the exterior part of said heart wall, where the incision 18 sufficient to reduce a
stiffhess of the interior chamber to increase volume of the chamber and reduce diastolic
filing pressure.
10009] The above method can further include creating a plurality of incision. The
plurality of incision can comprise at {east one hole in the cardiac muscle or can comprise
creating a plurality of incision.
{0016) Typically the method includes creating at legst one incision without redocing
the integrity of the cardiac muscle.
10011] Access to the heart can ocour via a vascular approach, an open sargical
approach, or a thoracoscopic approach. Furthermore, advancing the medical device can
comprise advancing the medical device into the interior chamber of the heart via a
transapical approach.
16012] The devices used to create the therapeutic injury can inchude any devices
selected from the group consisting of a blade, a mechanical cutting device, an
electrosurgical device, and a laser device.
{06013] In some variations, the methods occur by inducing tachyeardia of the heart.
Furthermore, incisions can be created on an intertor of the heart.
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[0014]  The devices can be secured to cardiac muscle prior to or during creating the
meision,
{0015]  The methods and devices can also optionally deliver bioactive agent to at least

one incision to modify the healing process of the cardiac muscle.

0016} Another variation of the methed includes a method of increasing blood flow ina
diseased heart. One such example includes positioning a medical device within a body of
the patient; advancing the medical device into an interior chamber of the heart; locating a
target area of heart tissue; and creating at least one incision in cardiac nuascle of the heart
tissue to decrease the stiftvess of the mterior chamber to permit the intenior chamber to
nerease

volume during diastole. One vanation of the device used to make the one or more incisions
mentionad above includes a soft sennicircular tip at the distal end of the device that may be
in finid communication with an injection port outside the patient. The tip can be imaged
when inside the heart under xray fluoroscopic imaging or any other type of imaging or
virtual tracking. When the tip is placed into the area of the apex of the heart, the tip
configuration changes and the change can be seen during imaging. A contrast imaging
agent may be mjected through the tip when injected outside the patient through the
fijection port. Said contrast agent flows into the ventricle. The pattern of flow gives
mformation to the user as to where the cutting member is relative to the inside wall of the
ventricle. When the cutting wember 15 adjacent to or exnbedded in the muscle of the heart
wall, the contrast agent will flow only 1o the surface of the inside wall while the cutting
element will be seen within that wall. The contrast agent can also be seen within the cut
made m the heart wall.

{0017) Another variation of the metheds includes methods of wereasing blood flow w
a diseased heart by advancing a device within a left ventricle of the heart; placing an elastic
member within the left ventricle such that upon diastole the elastic member expands with
the left ventricle. The elastic member has one or wore arms. At least one of these arms
may have a cutting member. The cutting member may be moved along the inside of the
ventricle wall making a controlled ncision therein, The depth of the mcision is controled
by the distance between the arm and/or elastic member and the tip of the cutting member.
if several cutting members are included, these members may be moved individually or
together by a cable or other coupled member connecting the cutting member to an actuator
outside of the patient. to increase a volume within the left ventricle so as to increase blood

How theren.
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{0018 The elastic member can comprise a plurality of elastic members positioned ina
substantially concentric pattern within the left ventricle. Alternatively, or in combination,
the elastic member can compnise at least one spirally shaped elastic member positioned in a
substantially concentric pattern within the left ventricle.

0019] The present disclosure also mcludes varations of medical devices for creating
the elongated incisions within soft tissue. In one example the device comprises a handle
comprising a handle body and an actuating member; a flexible shalt having a near end
coupled to the handle body and a far end, the flexible shaft; an atraumatic tip located at the
far end; a cutting member pivotally secured within the flexible shafi and having a cutting
edge; and a Hoking member coupling the actuating member of the handle to the cutting
member, wherein when the actuating member applies a tensile force to the hinking member,
the cutting member pivots to a lateral side of the flexible shaft to expose the cutting surface
and allow cutting of the soft tissue, the tensile force also causing biasing of the far end of
flexible shaft towards the lateral side to assist in maintaining the cutting swrface within the
soft tissue. Alternatively, the device may be introduced into the heart through a guiding
catheter. Such guiding catheter can be flexible and directed from outside of the patient and
can be either flexed actively by the user or can be preconfigured in one or more shapes.
Several shaped guiding catheters can be included in a kit to perform the procedure.
Alternatively, or in combination, such catheters can be actuatable upon command or upon
reaching a certain condition (e.g., body temperature, use of a stvlet, et}

10026] A variation of the device inchudes a channe! extending between the near end of
the flexible shaft through the opening. In addition, the medical device can further include a
sheath being slidably located on the flexible shaft, where the sheath can be advanced to
cover the opening and retracted to expose the opening,

{0021] Variations of the medical device can include a cutting member that comprises
an electrically non-conductive material. In such cases, the cutting member can optionally
mclude at least one electrode located on the electrically non~conductive matenial, where the
at feast one electrade is electrically coupleable to a source of electrical curren.

{6022]  In altersate variations, the cutting member comprises an electrically conductive
material and where the cotting member is electrically coupleable to a source of electrical
current.

{0023 The devices described herein can have one or more openings adjacent to the far

end of the flexible shaft, where the cutting surface of the cutting member extends through
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the opening when pivoted. in some variations, the device further comprises one or more
electrodes adjacent to the opening.

{0024]  The devices described herein can further include a rigid section at the far end of
the flexible shaft where the rigid section comprises an opening throngh which the cutting
surface of the cutting member extends when pivoted. As discussed herein, the rigid section
at the far end of the device provides uniformity to create the incision, while the flexible
nature of the shaft permits navigation fo remote tissues throngh tortuous anatomy.

10025] The devices described herem can include an atraumatic tip located at the far end
of the flexible shaft. The atraumatic tip can comprise a cwrved elastic member or any
shape that provides a tateral force to assist the cutting member to penetrate tissue.
Alternatively, the atrapmatic tip can stmply comprise a blunt elastic or inelastic material.
Variations of the devices can include afraumatic tips that are radiopaque.

{0026]  Furthermore, the devices described herein can employ any additional number of
lumens for flud delivery, guidewire advancement, imaging, etc.

{0027] This application is related to ULS. Publication No. 2012/0296153 U S, Patent
Application No. 13/277,158 filed on October 19, 2011, U.S. Application No. 14/152,187
filed on January 10, 2014and U.S. Provisional Application Nos. 61/394,759 filed on
October 19, 2010; 61/47R 495 filed on April 23, 2011; 61/504,641 filed on July §, 2011,
61/884,332 filed on September 30, 2013; and 61/911,456 filed on December 12, 2013, the

contents of which are each incorporated herein by reference in its entivety.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
{0028] FIGS. 1A and 18, sllustrate respeciive top and side views of a first example of' a
treatment device that can be used to make incisions in soft tissue according to the present
disclosure.
10029] FIG. 2A illustrates perspective partial cross sectional view of a far end of the
device of FIGS. 1A and 1B,
{0030]  FIG. 2B illustrates a partial side view of the device above showing the link
being secured between the actuating member and cutting niember.
{6031] FIG. 2C illnstrates a proximal or tensile force applied to the link causing the
cutting member to pivot out of the opening towards a lateral side of the device.
{0032} FIG. 34 illustrates a vanation of the device where a nigid section of the fexable

shaft comprises an enclosure that is secured to a distal end of the flexible shaft.



WO 2015/048794 PCT/US2014/058438

{0033] FIG. 3B shows a variation where the flexible shaft houses the cutting member
with a retnforcement member (either external or internal to the shaft) coupled to the
flexible shaft where the reinforcement member renders the area as a rigid section.

10034] FIGS. 4A to 4C illustrate advancement of a device into a heart to create a lesion
as described herein.

{0035] FIGS. 5A 1o 5C tllustrate additional variations of the device where application

of a lateral force can be separated from actuation of the cutting member.

DETAILED DESCRIPTION OF THE INVENTION
{0036] The illustrations described herein are examples of the nvention. Because of the
scope of the invention, it is specitically contemplated that combinations ot aspects of
spectfic embodiments or combinations of the specific embodiments themselves are within
the scope of this disclosure,
{0037] As noted above, the methods described herein increase a volume of a chamber
of a heart to improve blood flow in diastolic heart failure. For example, incisions, cuts,
holes, or other separation of tissue can be made m muscle forming the wall of the left
ventricle to improve a diastolic function of the heart. Although the description and claims
described herein discuss primarily treatments occurning in a left ventricle, unless
specifically discussed or claimed, the treatments can cccur in any chamber of the heart
{e.g., the atriums andfor ventricles). Typically, access to the chambers of the heart
{endocardium) can be made percutaneously or via a transapical approach. Once in the
ventricle, small cuts, holes, or a combination thereof are made to the cardiac muscle at one
or more layers of the musculature.
{0038) One of the goals of the therapeutic damage is to incregse volume i these
hyperdynamic hearts to allow improved physiology and ventnicular filling and to reduce
diastolic filling pressure by making the ventricle less stiff. In some cases, the type of
therapeutic damage, e.g., angles, dimensions, length, depth, density, and architecture shall
balance of the integrity of the musculature versus the functional result. Meaning the
amount of therapeutic darage to the tissue must be balanced against compromising the
integrity of the tissue. In many cases, the treatment can be optimized to ensure adegoate
function physiologically, hemodvnamically, and electrophysiologically. Unless otherwise
specified, the therapeatic treatments only extend into one or more {ayers of the cardiac

muscie and not through the wall of the heart.
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{0039]  The therapeutic damage caused to the cardiac muscle can be additionally treated
with agents that prevent closure of the wounds. Such agents can inclade pyrolitic carbon,
titantum~niride-oxide, taxanes, fibrinogen, collagen, thrombin, phesphoryicholine,
heparin, rapamycin, radicactive 188Re and 32P, silver nitrate, dactinomyein, sirolimus,

7
E

everolimus, Ab-378, tacrolimus, camptothecin, etoposide, vincristine, mitomyoin,
fluorouracil, or cell adhesion peptides. Taxanes include, for example, paclitaxel, 10-
deacetyltaxol, 7-epi-10-deacetyltaxol, 7-xylosyl-10-deacetyliaxol, 7-epi-taxol,
cephalomanaine, baccatin I, baccatin V, 10-deacetylbaccatn I, 7-epi-10-
deacetvibaccatin I, docetaxel, Other agents that could effect mproved function clude
binactive substances including proteins and cells like stem cells.

{00486] FIGS. 1A and 1B, Hllustrate respective top and side views of a first example of a
treatment device 100 that can be used to make incisions m soft tissve according to the
present disclosure. As shown, the device includes a handle 102 comprising a handle body
104 and an actuating member 106, Variations of the device can include handles of any
number of configurations. Typically, such variations include an actuating member that is

ugers, levers, dials, etc.

Pt

moveable relattve to a handle body. Sach examples can include ini
Furthermore, the actuating portion can mclude a switch type mechanism in the event the
respective varation s driven by a motor or other automated means,

{0041 The device 106 further includes a flexible shaft 110 that extends between a near
end 112 and a far end 114 In the illustrated example, the near end 132 depicted as having
an optional stress relief sleeve as well as a fluid port 116 for administering fluid through
the device 100, The devices can also include an optional source of current for coupling to
electrodes on the device 108 (as described below), for pacing the soft tissue, monitoring
EKG, deternuning whether the device’s cutting member is embedded within tissue,
electrocautery, coagulation and/or electrodeposition of medicines or other substances.
Similarly, the device 100 can include one or more sources of fluid 134 for coupling to the
device 160 via a fluid port 116, The fluid can be dispensed through the cutting member
opening 124 or through a separate opening.

{8042]  Vamation of the device 100 can also tnclude an atraumatic tip 120 that can
optionally selected to be radiopaque. Alernatively, or in combination cutting element can
be radio-dense so it is visible and 1s position can be determiined during use.  The example
depicted in FIGS. 1A and 1B mcludes an atraumatic tip having the shape of a curved
elastic member. In those cases where the device 180 is used n the heart or other cavity the
atraumatic curved member 120 profects the tissue from being punctured by the tip of the

7
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device 120. The elastic curved member 126 also 1s able to flex and relax when pushed into
the apex of the heart or cavity. In those variations where the flexed tip 128 15 radiopague, a
physician performing the procedure will be able to observe the shape change of the tip
under fluoroscopic imaging. When physician then actuates the device to cut tissue, the
elastic property of the tip 128 pushes far end 114 of the device against tissue and assists in
keeping the cutting element or member within the soft tissue while the cut is being made.
Such a featare 1s especially vseful when cutting heart tissne and the heart muoscle 1s
contracted during systole. Optionally, the device 120 can augment the process by paciag of
tissue using electrical tmpulses. The shaft of the device can also he shaped to facilitate
placement of the device against various places within the heart.

{0043] FIG. 2A illustrates perspective partial cross sectional view of a far end 114 of
the device 108 of FIGS. 14 and 1B, In thus example, the far end 114 of the flexible shaft
includes a relatively rigid section 122 coupled to the shaft 110, The rigid section 122
carries a cutting member 140 that 1s secured to the rigid section 122 using a pivot member
144. The cutting member 140 depicted is for illastration purposes only. Any number of
blade shapes can be employed in addition or 1 combination with the iltustrated cutting
member. The cutting member 148 is also coupled to a link member 148 at a connection
point 138, The link member 148 extends through the shaft 110 and 1s secured to the
actuating member 106 discussed above. The link 148, a wire in the illustrated example, can
mclude additional components to assist in applying a tensile force to the cotting member
140, in the illastrated example, the link member 148 includes an inner mbe 182 and an
outer tubg 154 that are located within a passage 118 of the flexible shaft 110. Such
components can mprove the structural integrity of the link 148 or can serve to insulate
and/or separate the link 148 from electrical components {not llustrated) extending through
the passage 118. The passage can also include a valve either in the shaft and/or in the
handle continuous to prevent back bleeding into the catheter. A channel for a guide wire
can also be ased.

{0044] FIG. 2B illustrates a partial side view of the device 100 discussed above, as
shown the link 148 18 secured to the actuating mernber 186 {shown m FIGS, 1A and 1B)
such that upon application of a tensile force, the link member 148 canses movement of the
cutting member 140. However, prior to actuation, the cutting member 140 is retained
within the device 108 so that the cutting surface 14 is shielded and cannot inadvertently cut
tissue, Variations of the device can also include additional features 160 can be coupled to
the cutting member 140 and/or the link 148 such as a strain gange, spring, or similar

8
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structuves that allow either retention of the cutting member within the device 168 or
monttoring of the cutting member 140 as it cots tssue. As ilustrated, a vanation of the
device 188 includes a cutting member 140 having a link connection pomnt 154 that is offset
from an axis A~A of an area of the device 100 immediately surrounding the cutting
member. This eccentric configuration improves actuation of the cutting member and can
cause the far end of the device 100 to preferentially apply a fores toward a lateral side of
the device where the cutting edge 142 15 eventually exposed. Such a feature can increase
the ability and ease of which the physician can push the cutting edge 142 into the hean
muscle. In additional vaniations, the entire cutting assembly 148 (including the pivot point
144) is offSet from the axis towards the lateral side of the device 106,

{0045] FIG. 2B also illustrates an optional sheath 164 or cover that can be slidably
mounted on the flexible shaft 116, During advancement or positioning of the device, the
sheath 164 can be advanced over the opening 124 to prevent the cutting member 140 from
mnadvertently damaging tissue. Moreover, the sheath 164 can function as an added safety
measare since distal movement (in the direction of arrows 166 can separate the catting
member from tissue or can push the cutting member back into the device 100 if the link
148 fails.

j0046] FIG. 2C iHuostrates a proximal or tensile force 162 applied to the hink 148
causing the cutting member 140 o pivot out of the opening 124 towards a lateral side of
the device 100. In the tllustrated variation, the cutiing edge 142 is exposed in a regrward
direction so that pulling on the device 100 allows the cutting member 140 to cut tissue
when the cutting member is advanced adjacent to or positioned within tissue. As noted
above, the mamn passage 118 of the device (or any additional lumen or fhud supply tabe)
can be used to deliver any rumber of fluids or substances 1o an opening tn the device,
mcluding but not limited to the cutting member opening 124

16047] In alternate variations, the cutting member 140 includes cutting edges 142 on
the front side or on both sides of the cutting wember 146 to allow rearward and forward
catting. FIG. 2C also iliustrates the link 148 being eccentric in relation to an axis of the
device. This feature results in a lateral force component as noted by arrows 168, The
fateral force component 168 is directed towards the lateral side of the device and assists in
maintaining the cutting member 140 within tissue during cutting. As noted above the
lateral force causes the catheter to differentially bend or urges the far end of the device 166
toward the blade side (Jateral side), increasing the ability to push the blade mto the heant
muscle or other soft tissue. Additional varations of the device do not rely upon eccentric

9
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placement of the cutting member or link but create a lateral force through adjustment of the
blade configuration. In addition, vartations of the device include a pivot 144 that is tocated
distally to the link attachment point 146 when the cutting member 140 is exposed. As
shown in FIG. 2C, the link attachment point 146 is proximally located relative to the pivot
144. This configuration prevents interference between the link 148 and the pivot 144 of the
cutting member 140 and allows the link to apply lateral force to the far end of the device so
that the device flexes i the direction of the cutting member 140

{0048]  As noted above, a variation of the device 100 can include the cutting member
140 that is positioned within a rigid section 122 that is adjacent to the flexible shaft 110,
The rigid section prevents deflection of the area adjacent to the cutting member opening
124, which allows for greater control of the amount of exposare of the cutting edge.

{00491 FIG. 3A illustrates a variation of the device where the rigid section 122
comprises an enclosure that is secured to a distal end of the flexible shaft 110, The
enclosure 122 can comprise a conductive material so that i can be used to apply enerzy,
pace tissue, or sense for contact with tissne. In such a case, the enclosure can be
electrically coupled to a power supply 130 via known means 136, Alternatively, the
enclosure can comprise an insulated or non~conductive structure but stilf selected to
maintain rigidity as described above.

[0050]  Alternatively, or in combination, the cutting member 140 can be selected from a
conductive matenial and electrically coupled to 4 power supply 138 via known means. In
additional variations, the cutting member 140 can be fabricated from a non-conducting
material or insulative material (e.g., ceramic, polymer, a composite material). In the latter
case, the cutting member 140 can opuionally include one or more electrodes or energy
transfer surfaces that are affixed or positioned on one or both sides of the cutting member
140,

{0051] In an additional variation, as shown in FIG. 3B, the flexible shaft 118 can housse
the cutting member 148, In such a case, a retnforcement mewber 168 {either external or
mnternal to the shaft 110) can be coupled to the flexible shaft 110 where the reinforcement
member renders the area as a nigid section,

10052] FIG. 3B also iflustrates a variation of the device where the flexible shaft 110
includes one or more electrodes 170, 172 on an exterior of the shaft 110 and adjacent to the
opening 124. As shown, the electrodes can be coupled to a power supply usmng known
means. The electrode configuration can be employed on the enclosure shown 1 FIG. 34
as well.

10
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{0053) FIG. 4A lustrates an example of a weatment device as described herein being
used in a chamber of the heart 9. Clearly, the device 100 can be used in any pocket or
cavity of soft tissue. As tHlustrated, a physician advances a treatment device 180 into a
chamber 8 of the heart 9. Once inside the chamber 8, in this example the left ventricle, the
physician can advance an atraumatic tip 128 of the device 100 against tissue (in this case
the apex of the chamber) to provide an opposing force to allow penetration of the cutting
member into cardiac tissue. Because the atraumatic tip 120 1s elastic and resilient there is a
reduced risk that the tip 120 will create nndesired injury. In addition, the flexible shaft of
the device 100 can include any number of remforcing member 126 such as braids, coils,
polymer coexfrusion, etc., that maintains torqueability and/or column strength of the
flexible member. Such characteristics are required for accurate placement of the cutting
element agamnst the desired area of tissue. As noted above, electrodes {or components of
the device) can be used with a power supply 138 1o assist in placement of the device,
and/or provide therapeutic treatment. In some variations the device can be configured as a
bi-polar device, with electrodes of opposite polarity on the device. Alternatively, the
device can function i a monopolar or unipolar configuration. In such a case an external
electrode 131 can be positioned on a remote area of the patient’s body.

j0034] Fig. 4B shows a magnified view of the device 100 being advanced into position
at the apex of the heart where deformation of the atraumatic tip 120 applies a force ina
lateral direction 168, As noted above, the atraumatic tip 126 18 vot hmited to a curved
configuration; instead, any shape that delivers a biasing force can be emploved.
Furthermore, some variations of the device may not require a biasing force applied by the
tip.

[0055) FIG. 4B also illustrates advancement of the cutiing member 140 to the latersl
side. Asnoted above, this action can also apply a lateral force to assist in placement of the
cutting element 140 within tissue. As shown in FIG. 4C, The lateral force can assist
retention of the cutting element 140 ag it is withdrawn in a proximal or rearward direction
feaving the therapeutic cut 4 in tissue. As noted above, a strain gauge or other structure can
be used to measure the drag or resistance on the device to assist i determaining whether the
cutting element is engaged in tissue. In any case, as noted above, tension applied by the
Hink not only actuates the cutting member, but also, when positioned in an eccentric
location within the shaft, the tension also causes the catheter to differentially bend toward

the blade side, increasing the ability to push the blade into the heart muscle.
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[0056]  Agam, the shape of the blade or cuiting member can be selected so that it stays
in tissue while being pulled. In certain variations, the cutting member opens from distal o
proximal direction so that it can be safely closed by retracting into the device sheath or by
pushing a sheath over the cutting member.

{0057 The cutting element can be an electrically insulated blade {e.g., made of
ceramic, polymers, or a composite structure ) that allows electrodes on both sides of blade
to be electrically isolated from each other. Electrodes can be used to monitor EKG for a
current of injury to demonstrate cutting, can be used to pace the heart, demonstrating that
the blade is within the heart muscle, and for other uses (electrocantery, depth measurement,
electrodeposition of drugs /fchemicals). If the cutting element is fabricated from a
conductive material, it can be used for pacing, which allows a cat to be made during systole
and pushes muscle onto blade for cutting. Alternatively, or i combination, the rigid
section of the device can be used as a return electrode for sensing, tregtment or
manipulation of tissue as discussed above.

{0058 FIGS. SA-XXXX illustrate additional variations of devices and methods for
performing the treatment as deseribed herein. Such variations can be combined with the
variations discussed above and/or can serve as stand-alone features/devices where
apphicable. For example, FIG. SA illustrates a variation of a device where articulation of
the shaft is decoupled from actuation of the cutting member 142, Articnlation of the shaft
can be performed by etther pushing or pulling of the member 174, Alternatively, the
member can comprise any number of pre-shaped stylets that aliow a physician 1o select the
degree of curvature desired in order to perform an incision.

HbS FIG. 58 shows another vaniation of a device where the shaft applies a lateral
torce 168 through the use of one or more sheaths 176, The sheaths can include pre-shaped
sheaths having an angle A or a set of pre-shaped sheaths having a range of angles so that
the physician can select the degree of deflection or amount of lateral force 168 desived.
{0060] FIG. 5C shows another vaniation of a device. In this example, the device
includes a servo or other deflection motor that drives a lead screw 178 where the lead
screw 178 engages a second threaded member 180 fixed to the shaft where relative rotation
182 causes movement of the lead screw relative to the threaded member 186 to create the
fateral force 168. The deflection motor can also actuate the blade or can be independent of
the blade.

{0061] It should be understood that apphication of the lateral force 168 can be obtained
through any number of means used for control of devices and/or control of medical
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devices. For example, the device and/or cutting member can be controlled using a robotic
system such as those provided by Intuttive Surgical, Hansen Medical, ete. Alternatively,
the device can employ a memory element that produces deflection upon the element
reaching a centain condition {(e.g., body temperature), or upon the application of a current to
the element.

[0062]  As noted above, the depth of cut can be varied by making the blade longer or
shorter using the adjustments and stops discassed above.. It can also be varied in a given-
length blade catheter by exposing more or less blade with the angle of exposure varying
from barely out of the catheter to 90 degrees from the long axis of the catheter,

[0063] The handle shown 1n FIGS. 1A and 1B can be ergonomic and allow the cutting
element to be exposed by flexing the fingers of the operator's hand, and retracted by
extending the fingers. The stop, as discussed above, can be placed on the handle so that the
maximpm blade exposure can be limited 1o a preset angle, corresponding to a preset depth.
Electrical components can be connected at the handle which is electrically connected to the
biade through the pull wire.

{H64] In many variations, the fip or cutting edge of the cutting member 1s sharp
encugh to allow the heart muscle (or other soft tissue) to be stabbed and the angle between
the dull and sharpened side 15 acute enough to allow cutting with minimal force. An
alternative sickle-shape is also possible, which causes the blade to remain within the tissue
while being pulled but reguires the knife to be pushed backward afier the cut to disengage
the tissue.

10065]  The device can also employ a pull-apart or splittable cover that retains the
curved atraumatic tp temporarily straight to allow for easy entry into a guiding sheath
during use. When this pull-apart cover 18 pulled off, the curled tip bends once it s
unconsirained by the guiding sheath. This makes for ease of use, but alse ensures single-
use.

{0066] The diameter of the catheter does not constrain the length ot blade or depth of
cut as the width of the blade can be reduced to fit within even a small catheter. The length
of the blade can therefore be several times the diameter of the catheter. For example, in
one example the diameter of the device was 7 French, allowing it to go through the
smallest of guide catheters known.

{0067 The methods described heremn can be performed using a number of additional
modes to determine proper placement. For example, the methods can be performed under
fluoroscopy andfor with contrast agents. Alternatively, or in combination, a device can
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include a pressure sensing tip or along catheter at one or multiple points that determine
when the device s positioned against the heart wall. In another vartation, the device can
mclude an opening at the distal end that is attached to artenal sensing equipment. Next, the
waveform of a pressure wave is observed. When the hole is covered by tissue, the tissue
blunts the waveform. This effect can be used as a test for catheter wall apposition. A
physician can also confinm placement using an echocardiogram (TTE, TEE, intracardiac)
where image shows position of device relative to wall/tissue.

{0068] Current can also be used 1o determine blade contact with tissue. For example, a
current can be placed through the tissue {through ckg or similar type electrochemical
sensing). As the blade touches the tissue, a voltage change can be measured from the
circuit completed by the blade’s contact with tissue.

{0069]  Addionally, vaplantable hardware within, near, or around these cuts'holes with
drog eluting capability may be part of this procedure. As well, the hardware (knife or
otherwise) used to make the intervention on the cardiac chambers may be coated with
drugs much like in drug coated balloon angioplasty.

{070] As noted herein, the physician can create one or more therapeutic incisions,
cuts, cores, holes, or other similar therapeutic damage to increase volume m the ventricle
when in diastole. As noted above, this damage reduces the stiffness of the ventricle {or
cardiac muscle in the wall) to improve ventricuiar filling and reduce diastolic filling
pressure (which resists blood flow wnto the vemiricle). The method mclodes making one or
more therapeutic damage sites within one or more chambers of the heart. In this variation,
the treatments occur in the endocardivum 2. Any of the treatment devices 3 described herein
can include spring biasing, steering, a steerable sheath or catheter, a pull wire, or other
mechamism to assist i navigation or apposition of the working end 4 of the device 3
against the target site.

10071] Devices for use in the methods described herein can incorporate aliernative
design options to improve safety to eritical structures and to ensure cuts are made as
expected {(any combination or singular use of the below may be incorporated with any of
the variations of the methods or devices discussed herem.)

{0072]  The devices described herein can be used in other applications as well. For
example, devices have application to make MAZE incisions by making multiple cuts mn or
around the pulmonary vein/s to interrupt conduction of atrial electrical activity. The
devices and procedures can be used for commisurotomy, by cutting valve i various places
meluding commissures to decrease valvalar stenosis. The devices can be used for any and
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all cardiovascular structures that have undergone stenosis/sclerosis, such as renal
arteries/pulmonary veins after RF exposure by cutting longitudmally with knife catheter.
Furthermore, the devices can be used to perform plastys in all chambers of the heart by
cutting longitudinally with the knife blade. Another potential use mcludes septal ablations
by cutting longitudinally with the koife device; endarterectomy using the blade as cutting
device to remove plaque. This peeling/cutting device will be proximal to a distal umbrella
unit at the tip of the device that is used to both peel plaque and prevent embolization.
Current open methods of carotid endarterectomy lead to stenosis secondary to opening the
vessel and subsequently closing the tneision; owr method would provide an advaatage over
this as we

would not be opening the vessel. Glancomaplasty via Canal of Schiem incision thus
increasing the diameter of the canal, increasing the flow of agueous humor, and thus
decreasing intraocular pressures. The devices can be used for tear duct plasty as well as
fooking for chronie sinusitis; third ventriculoplasty for obstructive hydrocephalus: and

psialalithiasis intervention to remove stones.
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CLAIMS
We clainu
i A medical device for creating elongated mcisions within soft tissue, the device

COMpIiSing:

a handle comprising a handle body and an actuating member;

a flexible shaft having a near end coupled to the handle body and a far end, the
flexible shafi;

an atranmatic tip located at the far end;

a cutting member pivotally secured within the flexible shatt and having a cutting
edge; and

a hoking member coupling the actuating member of the handle to the coiting

member,

2. The medical device of clann 1, further comprising a channel extending between the

near end of the flexible shafl through the opening.

3 The medical device of claim 1, where the linking member 1s offset from a pivot

point of the cutting member.

4. The medical device of claim 1, further comprising a sheath being slidably located
on the flexible shaft, where the sheath can be advanced to cover the opening and retracted

0 expose the opening.

5. The medical device of claim 1, where the cutting member comprises an electrically

non-conductive material,

6. The medical device of claim 5, further comprising at least one electrode located on
the electrically non-conductive matertal, where the at least one electrode i3 electrically

coupleable to a source of electrical current.

7. The medical device of claim 1, where the cutting member comprises an electrically
conductive material and where the cutting member i electrically coupleable to a source of

electrical carrent.
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8. The medical device of claim 1, further comprising an opening adjacent to the far
end of the flexable shafi, where the cutting surface of the catting member extends through

the opening when pivoted.

9. The medical device of claim 8, further comprising an electrode adjacent to the
opening.
10, The medical device of ¢latm 1, further comprising a rigid section at the far end of

the flexible shaft where the rigid section comprises an opening through which the cutting

surface of the cutting member extends when prvoted.

11, The medical device of claim 10, where the rigid section comprises a conductive

material and 18 coupleable to a source of cwrrent.

12, The medical device of claim 10, where the rigid section comprises a metal
enclosure.
13, The medical device of claim 10, where the cutting member is in the ngd section

and configured to pivot.

14, The medical device of ¢laim 1, further comprising a strain measwement device
i g

coupled to the hinking member.

5. The medical device of claim 1, wherem the linking member 1s offset from an axis of
the flexible member to assist in biasing the far end of the flexible shaft upon application of

the tensile force.

16, The medical device of clamm 1, further comprising an atraumatic tip located at the

far end of the flexible shaft.

17.  The medical device of claim 16, where the atraumatic tip comprises a curved elastic

member
18, The medical device of claim 16, where the atranmatic tip is radiopague.

19, The medical device of claim 1, where the cutting member is releasably fixable upon

pivoting to the lateral side such that the cutting member is adjustable between a range of
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angles relative to the flexible member, where the range of angles can be varied to adjust a

cutting depth i the soft tissue.

20, The medical device of claim19, further comprising a stop coupled to the linking

member, where the stop himits pivoting of the cutting member.

21 The medical device of claim |, where the Hexsble member further includes a braid

such that to tmprove rotational stiffhess of the flexible member.

22, The medical device of claim 1, where the flexible member further includes a

guidewire famen.

23 The medical device of claim 1 I where the flexible member is preshaped to conform

to the chamber.

24, A kit comprising the medical device of claim 1 and one or more preshaped guiding

catheters.

25, A kit comprising the medical device of claim 1 and one or more user shapeable

gurding catheters,

18
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