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HOLLOW NEEDLE FOR DELIVERING A GUIDEWIRE

RELATED APPLICATION

[0001] This application clatms priority to U.S. Provisional Application No.
63/308,454, filed February 9, 2022, and entitled SHAPE SET HYPODERMIC NEEDLE, the

disclosure of which is hergby incorporated by reference in its entirety.

BACKGROUND

Field
[0002] The present disclosure generally relates to the field of implant delivery

devices and implant technigques.

Description of Related Art

[0003] Heart failure can occur when the heart becoraes enlarged and dilated due
to various conditions, such as chronic hypertension, myocardial infarction, mitral valve
incompetency, and other dilated cardiomyopathies. Treatments for such heart dysfunctions
can involve implanting devices in the heart, either teroporanly or permanently. Such devices
may need to be delivered to the heart using troplant delivery devices that use guidewires,

which may be introduced to a chamber of the heart via a hypodermic needle.

SUMMARY

[0004] Described herein are one or more methods and/or devices to facilitate
delivery of a guidewire 1o the heart or other anatomy. The guidewire can then be used to
deliver an implant or other medical device. In certain examples, a curved needie can facilitate
deliver of the guidewire while avoiding certain issues sach as tissue tenting by enabling a
smaller profile delivery systern for the guidewire.

[0005] One general aspect includes a device for delivering a guidewire o a target
location in a patient’s body. The device inclades a hollow needle having: a lumen configured
to receive the guidewire; a body section; and a biased section, the biased section configured
to bend relative to the body section, the biased section located on a distal end of the hollow
needle. The device includes a catheter having a catheter humen, the catheter lumen configured
to: receive the hollow needle, and maintain the biased section and the body section in relative
alignment in a first configuration. The hollow needle, in response to the biased section
extending out from the catheter, is configured to bend the biased section relative to the body

section in a second configuration.
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[0006] Iplementations may include one or more of the following features. The
device may include a pharality of cuts made in the biased section that allow the biased section
to bend. The plurality of cuts may be uniform and aligned in parallel along a curved inner
surface of the biased section. The plurality of cuts may number at least 10 cuts. The plurality
of cuts may be laser cuts. The device may inclade a sealant over the plarality of cuts. The
biased section may include a needle tip, where the direction of the needle tip changes by at
least 80 degrees when the device transforms from the first configuration to the second
configuration. The biased section may have a radios of about 13.5mm and an arc of about 106
degrees. The biased section may form a u-shape in the second configuration. The device may
inciude a ramyp formed within the catheter lumen, the ramp configured to deflect the biased
section of the hollow needle relative to the body section. The body section and the biased
section may form an angle that is no more than 90 degrees in the second configuration. The
catheter may include an opening into the catheter lumen located on its side, the opening
configured to provide egress out of the catheter lumen for the hollow needle.

[0007] One general aspect includes a method for delivering a guidewire 1o a target
location in a patient’s body using a hollow needle deployed from a catheter. The mathod also
inciudes advancing the hollow needle in the catheter to a first Jocation where the hollow
needle inclodes a biased section and a body section, the biased section and the body section
maintained in relative alignment by the catheter in a first configoration. The method also
includes advancing the biased section of the hollow needle through an opening of the
catheter. The method also includes deploying the biased section of the hollow needle through
the opening of the catheter into a second configuration, where in response to the hiased
section extending out from the catheter, the biased section is configured to bend relative to
the body section. The method also includes deploying the guidewire from the hollow needle
to the target location.

[0008] Implementations may include one or more of the following features.
Deploying the biased section of the hollow needle may inchude piercing through a tissue wall
with the hollow needle to reach the target location. The method may include deploying a
medical implant to the target location using the guidewire. The biased section may include a
needle tip, where the direction of the needle tip changes by at least 90 degrees when
transforming from the first configuration to the second configuration. The biased section can
form a u-shape in the second configuration. The method may include withdrawing, after

deploying the guidewire, the hollow needie from the target location while retaining the
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hollow needle in the catheter. The hollow needle may be made at least partly from nylon or
nitinol.

[0009] One general aspect includes a hollow needle for delivering a guidewire to
a target location in a patient’s body. The hollow needle also includes a umen configored to
receive the guidewire. The needle also includes a body section of the hollow needle. The
needle also includes a biased section of the hollow needle located on a distal end of the
hollow needle. The biased section may include a needle tip, and a plurality of cuts aligned in
paraliel along a same side of the biased section where the same side may be an inner surface
of a curve formed by the biased section and where the plurality of cuts are configured to
cause the biased section to bend relative to the body section.

[0010] For purposes of summarizing the disclosore, certain aspects, advantages
and novel features have been described. Tt is to be understood that not necessarily all such
advantages may be achieved in accordance with any particular embodiment. Thus, the
disclosed embodiments may be carried out in a2 manner that achieves or optimizes one
advantage or group of advantages as tasght herein without necessarily achieving other

advaniages as may be taught or suggested herein.

BRIEF BESCRIPTION OF THE DRAWINGS

[0011] Various embodiments are depicted in the accompanying drawings for
iHlustrative purposes and should in no way be interpreted as limiting the scope of the
inventions. in addition, various features of different disclosed embodiments can be combined
to form additional embodiments, which are part of this disclosure. Throughout the drawings,

reference numbers may be reused to indicate correspondence between reference elements.

[0012] Figure 1 illustrates human cardiac anatomy.
[0013] Figuare 2 illustrates a superior view of a human heart.
[0014] Figure 3 shows an example of tenting, where tissue catches on a needle or

part of a needle.

[0015] Figures 44, 4B, and 4C show perspective, axial view, and side view,
respectively, of a curved needle, in accordance with one or more examples.

[0016] Figures 4D-4F are cross-sectional views of a needle in a catheter, in a first
configuration with the needle within the catheter, a transitionary configuration, and a second
configuration with the curved portion of the needle outside of the catheter, respectively, in

accordance with one or more examples.
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[0017] Figure § illastrates another example of a carved needle with a different
structure and moaterial, in accordance with one or more examples.

[0018] Figure 6 and 7 show different examples of a catheter for an implant
delivery device, in accordance with one or more examples.

[0019] Figure § shows a block diagram of a system for implanting and/or
monitoring an implant device, according to one or more examples.

[0020] Figures 9-1, 9-2, and 9-3 {collectively referred to as Figure 9}, provide a
flow diagram representing a process for using an implant delivery device that uses a curved
needle to perform a medical procedure, according to one or more examples disclosed herein.

[0021] Figures 10-1, 10-2, and 10-3 {collectively referred to as Figure 10) provide
a view of the implant delivery device in the heart as the process of Figure 9 is performed,
according to one or more examples disclosed herein.

[0022] Figure 11 illustrates various examples of needle ends (also called needle
points) that may be used with examples of the needle described in the above figures,
according to one or more exampies disclosed herein,

[0023] Figures 12A — 12C illustrate various cut patterns that can be used with
examples of the needle described in the above figures, according to one or more examples
disclosed herein.

[0024] Figure 13 tllustrates a needle that uses a wire stiffener to maintain its
shape, according to one or more exampies disclosed herein.

[0025] Figure 14 illustrates a needle 1400 that uses a wire stiffener 14036 along its
intertor curvatare (o maintain its shape, according to one or more examples disclosed herein.

[0026] Figures 15A — 15C illustrate various examples of wires stiffeners,
according (o one or more exampiles disclosed herein.

[0027] Figures 16A — 16C illustrate various views of a device comprising a needle

that uses a wire stiffener, and a sheath, according to one or more exampies disclosed herein.

DETAILED DESCRIPTION
[0028] The headings provided herein are for convenience only and do not
necessarily affect the scope or meaning of the claimed invention.
[0029] Although certain preferred embodiments and examples are disclosed
below, inventive subject matter extends beyond the specifically disclosed embodiments to
other alternative emnbodiments and/or uses and to modifications and equivalents thereol.

Thus, the scope of the claims that may arise herefrom is not limited by any of the particular
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embodiments described below. For example, in any method or process disclosed herein, the
acts or operations of the method or process may be performed in any suitable sequence and
are not necessarily Hmited to any particular disclosed sequence. Various operations may be
described as multiple discrete operations in turn, in a manner that may be helpful in
understanding certain embodiments; however, the order of deseription should not be
construed to imply that these operations are order dependent. Additonally, the structures,
systems, and/or devices described herein may be embodied as integrated components or as
separate components. For purposes of comparing vartous embodiments, certain aspects and
advantages of these ernbodiments are described. Not necessarily all such aspects or
advaniages are achieved by any particuiar embodiment. Thus, for example, various
embodiments may be carried out in a manner that achieves or optimizes one advantage or
group of advantages as taught herein without necessarily achieving other aspects or
advantages as may also be taught or suggested herein.

[0030] Certain reference numbers are re-used across different figures of the figure
set of the present disclosure as a matter of convenience for devices, components, systems,
features, and/or medules having features that may be similar in one or more respects.
However, with respect to any of the embodiments disclosed herein, re-use of common
reference numbers in the drawings does not necessarily indicate that such features, devices,
coraponents, or modules are identical or similar. Rather, one having ordinary skill in the art
may be informed by context with respect to the degree to which usage of common reference
nurnbers can imply similarity between referenced subject matter. Use of a particular reference
nurober in the context of the description of a particular figure can be understood to relate to
the identified device, component, aspect, feature, module, or system in that particular figure,
and not necessarily to any devices, components, aspects, features, modules, or systems
identified by the same reference number in another figure. Furthermore, aspects of separate
figures identified with common reference numbers can be interpreted to share characteristics
or to be entirely independent of one another.

[0031] Certain standard terms of Iocation are ased herein to refer to certain device
componenis/features and to the anatomy of animals, and namely humans, with respect to

LTINS

some examples. Although certain spatially relative terms, such as “outer,” “inner,” “opper,”

“tower,” “below,” “above,” “vertical,” “horizontal,” “top,” “bottom,” “under,” “over,”

“topside,” “onderside,” and similar terms, are used herein to describe a spatial relationship of
one device/element or anatomical structure to another device/element or anatomical structure,

it is understood that these terms are used herein for ease of description (o describe the
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positional relationship between element(s)/structures(s), as ilhustrated in the drawings. It
should be understood that spatially relative terms are intended to encompass different
orientations of the element{s})/structures(s), in use or operation, in addition to the orientations
depicted in the drawings. For example, an element/structure described as “above” another
element/siructure mnay represent a position that is below or beside such other
element/structure with respect to alternate orientations of the subject patient or
element/stracture, and vice-versa.

[0032] The term “associated with” 1s used herein according to its broad and
ordinary meaning. For example, where a first feature, element, component, device, or

13

member is described as being “associated with” a second feature, element, component,
device, or member, such description should be anderstood as indicating that the {irst feature,
element, component, device, or mernber is physically coupled, attached, or connected o,
integrated with, embedded at least partially within, or otherwise physically related to the
second feature, element, component, device, or member, whether directly or indirectly.
[0033] The present disclosure relates to systems, devices, and methods for
delivering implants into a target location in a patient’s body, such as the heart. In particuiar,
certain examples uiilize a curved, hollow needle for delivering a goidewire to the target
location. Using such a needle can reduce the cross-section of at least some parts of an implant
delivery device, thereby avoiding or reducing the chance of certain issues, such as tenting.
Implant delivery devices of the present disclosure include one or more of a catheter, a tubing
within the catheter, a hollow needle, such as a hypodermic needle formed on a distal end of
the tubing, and one or more guidewires configured to be delivered to a target site inside the
tubing. The guidewires can be used to deliver one or more implants to the target site. In some
examples, the hypodermic needle is biased to curve after leaving the catheter. In a first
configuration, with the hypodermic needle inside the catheter, the hypodermic needle is
largely straight. In a second configuration, with the hypodermic needle outside the catheter,
the hypodermic needle is curved. Certain examples of implant delivery devices are disclosed
herein in the context of cardiac implant devices. However, although certain principles
disclosed herein are particularly applicable to the anatomy of the heart, it should be
understood that implant delivery devices in accordance with the present disclosure may be

utilized in any suitable or desirable anatomy.
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Cardiac Physiology

[0034] The anatomy of the heart is described below to assist in the understanding
of certain inventive concepts disclosed herein. In humans and other vertebrate animals, the
hieart generally comprises a muscular organ having four pumping chambers, wherein the flow
between chambers and vessels associated therewith is at least partially conirolied by various
heart valves, namely, the aortic, ritral {or bicuspid), tricuspid, and pulmonary valves. The
valves may be configured to open and close in response to a pressure gradient present during
various stages of the cardiac cyele (g.2., relaxation and contraction) to at least partiatly
controd the flow of blood to a respective region of the heart and/or to blood vessels (e.g.,
pulmonary, aorta, etc.).

[0035] Figures § and 2 llustrate vertical/frontal and horizontal/superior cross-
sectional views, respectively, of an example heart 1 having various features/anatomy relevant
to certain aspects of the present inventive disclosure. The heart 1 includes four chambers,
namely the left atrium 2, the left ventricle 3, the right ventricle 4, and the right atrium 5. In
terms of blood flow, blood generally flows from the right ventricle 4 into the pulmonary
artery 11 via the pulmonary valve 9, which separates the right ventricle 4 from the pulmonary
artery 11 and is configured to open during systole so that blood may be pumped toward the
langs and close during diastole to prevent blood from leaking back into the heart from the
pulmonary artery 11, The pulmonary artery 11 carries deoxygenated blood from the right side
of the heart to the lungs.

[0036] In addition to the pulmonary valve 9, the heart | includes three additional
valves for aiding the circulation of blood therein, including the tricuspid valve §, the aortic
valve 7, and the mitral valve 6. The tricuspid valve 8 separates the right atrium 3 from the
right veniricle 4. The tricuspid valve 8 generally has three cusps or leaflets and may generally
close during ventricular contraction (i.e., systole) and open during ventricular expansion (i.e.,
diastole). The mitral valve & generally has two cusps/leaflets and separates the left atriom 2
from the left ventricle 3. The mitral valve 6 is configured to open during diastole so that
blood in the left atrivim 2 can flow into the left ventricle 3, and, when fonctioning properly,
closes during systole to prevent blood from leaking back into the left atrium 2. The aortic
valve 7 separates the left ventricle 3 from the aorta 12. The aortic valve 7 is configured to
open during systole to allow blood leaving the left ventricle 3 to enter the aorta 12, and close
during diastole to prevent blood from leaking back into the left ventricle 3.

[0037] The heart valves may generally comprise a relatively dense fibrous ring,

referred to herein as the annulus, as well as a plurality of leatlets or cusps attached o the
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annulus. Generally, the size of the leaflets or cusps may be such that when the heart contracts
the resulting increased blood pressure produced within the corresponding heart chamber
forces the leaflets at least partially open to allow flow from the heart chamber. As the
pressure in the heart chamber subsides, the pressure in the subsequent chamber or blood
vessel may become dominant and press back against the leaflets. As aresult, the
leaflets/cusps come in apposition o each other, thereby closing the flow passage. Disfunction
of a heart valve and/or associated leatlets {e.g., pulmonary valve distunction) can result in
valve leakage and/or other health complications.

[0038] The atrioventricular (1.e., mitral and tricuspid) heart valves may {urther
comprise a collection of chordae tendineae and papillary muscles (not shown) for securing
the leaflets of the respective valves to promote and/or facilitate proper coaptation of the valve
leaflets and prevent prolapse thereof. The papillary muscles, for example, may generally
comprise finger-like projections from the ventricle wall. The valve leaflets are connected to
the papillary muscles by the chordae tendineae.

[0039] A wall of mascle, referred to as the septum, separates the left-side
chambers from the right-side chambers. In particular, an atrial septur wall portion 18
{referred to herein as the “atrial septum,” “atrial septum,” or “septum’”) separates the left
atriam 2 from the right atrium 5, whereas a ventricular septum wall portion 17 (referred to

ERIENS]

herein as the “ventricular septum,” “inferventricular septum,” or “septum’”) separates the left
ventricle 3 from the right ventricle 4. The inferior tip 26 of the heart 1 is referred to as the
apex and is generally located on or near the midclavicular line, in the fifth intercostal space.

[0040] The coronary sinus 16 comprises a collection of veins joined together to
form a relatively large vessel that collects blood from the heart muscle (myocardivm). The
ostium 14 (see Figure 2) of the coronary sinus 16, which can be guarded at least in partby a
Thebesian valve in some patients, is open (o the right atrium 5, as shown. The coronary sinus
runs along a posterior aspect of the left atrium 2 and delivers less-oxygenated blood to the
right atrium 5. The coronary sinus generally rons transversely in the left atrioventricular
groove on the posterior side of the heart.

[0041] Certain physiclogical conditions or parameters associated with the cardiac
anatomy can impact the health of a patient. For example, congestive heart failure is a
condition associated with the relatively slow movement of blood through the heart and/or
body, which causes the fluid pressure in one or more chambers of the heart to increase. As a
result, the heart does not pump sufficient oxygen to meet the body's needs. The various

chambers of the heart may respond (o pressure increases by stretching (o hold more bloed to
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purnp through the body or by becoming relatively stilf and/or thickened. The walls of the
heart can eventually weaken and become unable to pump as efficiently. In some cases, the
up in arms, legs, ankdes, feet, lungs, and/or other organs can cause the body to become
congested, which is referred to as congestive heart failure. Acute decompensated congestive
heart failure 13 a leading cause of morbidity and mortality, and therefore treatment and/or
prevention of congestive heart failure is a significant concern in medical care. Treatments for

sach conditions may require implanting various medical devices in the heart.

Implant Delivery Devices

[0042] As referenced above, the treatment of certain cardiac conditions can
involve the implantation of devices, such as those designed to shunt blood from one chamber
or vessel of the beart to another. Dnsclosed herein are implant dehivery devices that wtilize a
hollow needle (e.g. 2 hypodermic needle) that forms a first shape in a first configuration and a
second shape in a second configuration. For example, the first shape may be a relatively
straight form when the hypodermic needle is inside a catheter. The relatively straight form
can facilitate movement of the needle through the catheter. The second shape may be a
curved form when the hypodermic needle is released from the catheter. The curved form can
facilitate entry into a target location {e.g., a location beside rather than in front of the
catheter) and can enable a smaller profile that reduces the chances of catching on a tissue
wall. In some examples, the hollow needle comprises a flexible or semi-flexible material that
is biased to form a curve when released from the catheter. For example, the hollow needle
may be made at least partially of a shape-memory, such as a mckel-titamum alloy {e.g.,
Nitinol}, a copper-aluminum-nickel alloy, iron-based and copper-based alloys, or the like.
(ither types of material such as nylon or other synthetic polymers can also be used. Such
materials can allow the needle to be set in a particular shape or shape set, and retarn to that
shape after being deformed or otherwise changed to a different shape.

[0043] For purposes of this disclosure, components of an implant delivery device,
as well as sub-components, are described as distal or proximal in terms of divection along the
axis of the implant delivery device. Distal components are those that are towards the target
tissue site within a patient during an operation, while proximal components are those that are
towards the user or machine manipulating the implant delivery device, outside the patisnt.
For example, the needle tip may be at the distal end of the implant delivery device while a

catheter handle may be at the proximal end of the implant delivery device.
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[0044] Figure 3 shows an example of tenting, where tissue catches on a needle or
part of a needle. Some iraplant delivery devices 300 utilize a needle 302 with a jacket 304
covering the needle. The needle is typically solid and is used to pierce into the left atrium 2.
After reaching the left atrinm, the needle is withdrawn, leaving the jacket 304 within the left
atriom. The jacket, with the needle withdrawn, provides a lumen through which a guidewire
can then be inserted into the left atriom. The guidewire can then be used to help deliver the
implant to the left atriom.

[0045] However, using the needle 302 with the jacket 304 enlarges the total
diameter of the distal end of the iraplant delivery device 300. This can create an issue with
tenting, as shown in Figure 3. With the needie extending out of the jacket, the jacket can form
a ledge 306 where the distal end of the jacket meets the sides of the needle. This ledge can
catch in the tissue of the atrial wall 308 when the needle pierces through. Thus, it can be
beneticial to utilize a needle that does not need a jacket.

[0046] Figures 4A-4F show views of a curved needle 400 of an implant delivery
device, according to certain examples. In particular, Figure 4A shows a perspeciive view
while Figure 4B shows a front facing or axial view. Figure 4C shows a side view, with an
expended view of the needle tip and some of the surface cuts on the needle. Figures 4D-4E
show the needle in a first configuration in the catheter, then shows the needle transitioning to
a second configuration, with the curved portion of the needle outside of the catheter. Unlike
the impiant delivery device 300 of Figure 3, the curved needle 400 is used with an implant
delivery device that does not need to use a jacket over the needle. Instead, the needle 400 is
hollow and the troplant delivery device uses the hollow needle 400 to deliver a guidewire to
the target location instead of using a tabular jacket to deliver the guidewire.

[0047] Pocusing on Figures 4A-4B, the distal end of the curved needle 400 is
shown. The needle 400 can comprise a generally straight needle body 402 and a curved
needle end 404 located on distally from the needle body 402. Thus, the needle 400 can
include a biased section (needle end 404} that bends relative to a body section {(needie body
402y, or at least relative to the distal end of the needle body 402 connected to the needle end
404. The needle body 402 section of the needle may extend proximally to a catheter handle
and may be much longer than the needle end 404 {e.g., a few centimeters) section of the
needle 400. As the needle body 402 can be fairly long {e.2., 10°s to 100’5 of centimeters) and
can route through the patient’s body, the needle body may not be straight the entire length,
but rather have relatively straight portions with curved portions between such straight

portions. In sorme examples, such curved portions of the needie body may change by a few
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degrees (e.g., no more than 20° or 30°). A guidewire may be inserted into the needle body
4072 through the handle or may be pre-inserted into the needle body 402 priorfo use on a
patient. In the illustrated example, the needle 400 forms a lumen 406 within its body,
providing a passageway for sutures to be delivered to a target site. The needle may be
produced in different diameters to facilitate ditferent use cases, some of which may require
larger lumen sizes. For exaruple, one embodiment of the needle may have an inner diameter
of about 1.20 mm and an outer diameter of about 1.52 mm. Another embodiment of the
needle may have an inner diameter of about 2.16 mun and an outer diameter of about 2.77
mm. The thickness of the walls of the needle that surround the lumen 406 may also vary
depending on the use case and the desired structural strength for the needle.

[0048] In an example, the carved needle end 404 includes multiple cuts 408 on
one side of its surface. In the tllustrated exarople, the cuts begin a short distance {e.g., 6 mm,
1-10 mm, etc.) from the tip of needle and continue proximally along the curved needie end.
The cuts can cause the needle end 404 to curve by creating a bias or tendency for the needle
end 404 to bend inwards along the surface where the cuts are made.

[0049] Figure 4C shows a side view of the needle 400. In the iHustrated example,
the curve is formed by an arc of about 106° with a radius of about 13.5 mm. As will be
apparent, various examples of the needle can have different arcs and radii as needed. For
example, the curved needle end 404 may be longer (e.g., radius greater than 13 Smm andfor
arc greater than 106°) or shorter (e.g., radius less than 13.5mm and/or arc less than 106°).
Some possible examples of the needle may have a curve with an arc of about 80° - 125°
and/or a radius of about 11 ram — 16 mrm.

[0050] In the example shown, there are 20 cuts. However, the number of cuts 408
can vary, with the variation of laser cuts affecting the curvature of the curved needle end 4034.
For example, some exaraples may have less than 10 cuts, 10-20 cuts, more than 20 cuts, at
least 10 cuts, etc. Adding more cuts increases the curvature while reducing the number of
cuts reduces the curvature. As shown, the cuts extends to about halfway through the profile of
the needle and may be about lmm or less wide. However, the depth and/or width of the cuts
can vary depending on the desired characteristics for the needie. The cuts may be spaced a
few millimeters apart. In some examples, the cuts are uniform. The culs may be aligned in
paralie]l along a same side or sarface of the veedle end 404, with the same side or surface
forming the inner curve of the curved needle end 404. The cuts may be made via laser or

mechanically by a blade or other cutting mechanism,
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[0051] The cots may expose the lumen 406 formed by the walls of the needle. In a
sarple operation, guidewires would travel along the interior surface of the lumen wall away
from the cuts, so would not catch on the cuts. However, in some examples, a sheath, sealant,
or other covering may be placed over the cuts to maintain the integrity of the lamen while
still allowing the needle to {lexibly curve. Some examples of the implant delivery device may
be configured to detect changes in pressure, so using the sheath can make the pressure within
the lumen more consistent by reducing the ingress and egress of fluid into the lumen 406.

[0052] In the illustrated example, the tip of the needle 400 s cut at an angle (e.g.,
about 25°) to create a sharpened {ip. The sharpened up can help the needle pierce through
tissue walls. In one exampie manufacturing process, the needle tip is cut with a laser at the
desired angle prior to shaping of the needle. The cuts 408 may then be made by the laser to
provide the desired curvature for the needle.

[0053] Figures 413-4F show the needle 400 transitioning from a first configuration
to a second configuration as the needle leaves a catheter 420. In the illustrated example, the
catheter 420 has two lumens 422, 424, with the needle 400 in the {irst lumen 422. The first
lamen 422 includes an opening 428 to the outside in the outer wall 426 of the catheter 420. In
the first configuration shown in Figure 4D, the needle 400 is in a generally straight
configuration. However, there may be one or more slight bends in the needle to facilitate
moving the needle through the catheter 420. While the needle end 404 is configured to curve,
the needle end 404 material is flexible enough that the walls of the catheter lumen 422 are
enough to keep the needle end 404 relatively straight. Relatively straight may mean there are
one or more slight bends in the needle end 404 of a few degrees, but the needle end 404
remains straight enough that the needle 400 can be advanced through the catheter,
Meanwhile, the needie body 402 may bend by even more, as the needle body 302 winds its
way to the heart along various bodily lumens. One way of measuring the difference between
the first configuration and the second configuration is by measuring the change in the
direction pointed to by the needle tip, which may be a change of several tens of degrees. For
example, if in the first configuration, the needle tip is pointing forward (about 180° as
reflected in Figure 41), then in the second configuration the needle tip is pointing to the
upper right (about 753° as reflected in Figure 4F), a change in the needle tip direction of about
105°. In some examples, the direction of the needle tip changes by at least 90° when the
needle end 404 transforms from the first configuration to the second configuration.

[0054] As the needle end 404 approaches the opening 428, the natural bias of the

needle end 404 1o curve can cause the needle end 404 to begin exiting the catheter 420, as
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shown in Figure 4E. As the needle 400 is further advanced through the catheter 420, the
entire needle end 404 exits the catheter 420, allowing the needle end 404 to enter its curved,
second configuration, as shown in Figure 4F. Another way of measuring the difference
between the first configuration and the second configuration is by drawing 2 line from the tip
to the needle to the deflection point where the needle end 404 bends from the needle body
and measuring the angle created. In the illustrated example of Figure 4F, the tip of the needle
end 404 relative to the needle body 402 forms an angle of roughly 110 degrees. Some
examples may form an angle of arognd 90-135 degrees. Some examples have an angle of less
than 90 degrees, such that the needle end 404 forms, U-shape or hook, with the end pointing
towards the proximal end.

[0055] Figure 3 illustrates another example of the carved needle 500 with a
different structure and material, in accordance with one or more examples. In the illustrated
example, at least a portion of the needle 500 is tormed using a pliable material, such as nylon
or a similar polymer. Materials like nylon that have excellent shape retention due to good
elastic recovery behavior can be used for forming the needle. In some examples, the needle
end 504 is formed of nylon or the like while the needle bedy 502 is formed of ancther
material, such as steel.

[0056] The needie 500 of Figure 5 can operate similarly to the needle 400 in
Figures 4D-4F, where the needle end 504 is in a first conliguration while in a catheter, but in
a second configuration when exiting the catheter. In the first configuration, the interior
catheter walls keep the needle end 504 in a relatively straight position relative to the needie
hody 502, though there ray be slight curves of several degrees iu the needle end. In addition,
the needle body 502 may bend by even more, as the needle body 502 winds its way to the
heart along vartous bodily lamens. However, the needle end 504 and needle body 502 can be
considered in alignment, with both sections pointing in the same direction {e.g., distal end of
needle end 504 and distal end of needle body 502), toward the target tissue location. In the
second configuration, the needle end 504 returns to its natural shape, which is the curved
shape shown in Figure 5. Similar to the needle 400 in Figures 4D-4F, the nylon needle 500 is
hollow, allowing a guidewire to be delivered to a target site within the needle 500.

[0057] A cross-cut 510 of the needle 500 taken at line 508 shows the interior
structure of the needle 300, according to certain examples. [n the illustrated example, the
needle 500 includes a first lumen 512 and & second Jumen 314, A lumen wall 516 can extend
from one side of the owter wall to another side of the cuter wall, dividing the first lomen from

the second lumen. The wall may be straight or curved, depending on the desired shape of the
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lumens. The lomen wall 316 may provide additional stiffness to the needle by bracing the
outer walls of the needle.

[0058] As shown in the cross-cut 510, the first lumen 512 is round while the
second lumen 514 is crescent shape. Other examples may use different lomen shapes,
depending on the desired propertes for the needle. For example, a round shape lumen may be
shaped for a guidewire. Using a crescent shape lumen that partially surrounds the round
shape fumen 512 can increase the space available within the needie 500 for the lumens.

[0059] As will be apparent, other examples of the needle 500 may have a different
nuraber of lumens or different shaped lumens. For example, one example may bave a single
lamen, while other examples may have three or even more lumens. The above cross-cut 510
shows a round needle body, but other needles may use different shapes. For example, cutting
needles are triangular in shape, and have 3 cutting edges to penetrate tough tissue. Reverse
cuiting needles have a cutting surface on the convex edge, and are ideal for tough tissue such
as tendon or subcuticular suture. As those types of needles do not have a round shape, other
lumen shapes (e.g., tiangular) may make moore efficient use of the space within those needle
bodies.

[0060] Figure 6 and 7 show different examples of a catheter for an implant
delivery device, in accordance with one or more examples. In Figure 6, the catheter 600
functions similarly to the catheter of Figure 4D-4F, where the catheter has an opening 602 in
outer wall. The opening 602 allows a needle 604 to exit its lumen 606 in the catheter. This
type of catheter 600 can work well with a needie 604 that is biased to curve towards the
opening 602. As the needle 604 passes the opening, its natural tendency to bend forces the
end 608 of the needle out of the catheter. The needle then leaves the catheter.

[0061] Figure 7 illustrates a catheter 700 with a ramp 702, according to certain
examples. As the needle 704 advances through its lumen 706, it approaches an opening 708
and the ramp 702. In some examples, the ramp 702 closes off the distal end of the lumen 706.
In the illustrated exampie, The curved surface 710 of the ramp forms part of the wall of the
opening 708. As the needle 704 advances along down the lamen and along the curved surface
710, the distal end of the needle 712 is directed through the opening and outside of the
catheter 700, along the direction shown by the arrow.

[0062] Using the ramp 702 to deflect the needle 704 can allow for needle designs
that do not natarally curve. Rather, as long as the needle 704 is pliable, the ramp 702 ca
cause the needle 704 to deflect, redirecting the needle 704 out of the humen 7G6, Thus, in

some examples, the catheter 700 can be combined with a hollow needle 704 that may be
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straight when removed {rom the catheter 700. Rather, the ramp 702 1s what causes the needie
704 to bend, rather than the needle 704 itself inherently curving when unconstrained by the
walls of the catheter lumen 706. In a first configuration prior o hitting the ramp, the needle
704 remains relatively straight. In a second configuration after hitting the ramp the needle
704 becornes bent or carved due o the ramp.

[0063] Figure § shows a block diagram of a system 840 for implanting and/or
monitoring an implant device in a patient 844 according to one or more examples. The
system may monitor one or more physiological parameters {(e.g., left atrial pressare and/or
volume). The patient 844 can have a medical ioplant device 830 implanted in, for example,
the heart (not shown}, or associated physiology, of the patient 8§44 using an implant delivery
device 835, such as those described in earlier figures. For example, the implant device 830
can be implanted at least partially within the left atrivm and/or coronary sinus of the patient’s
heart. The implant device 830 may be a shunt implant device or other type of implant, such as
devices associated with a sensor device that facilitate monitoring. For example, the implant
device 830 can include one or more sensor transducers, such as one or more
microeiectromechanical system (MEMS} devices (e.g., MEMS pressure sensors, or other type
of sensor transducer).

[0064] The tmplant device 830 may be installed using an implant dehivery device
§32. The implant delivery device 832 can include a catheter, a handle, and a curved needle.
Examples of the curved needle are shown in Figures 4-7. The curved needle can be used to
facilitate delivery of the implant device 838 to the target location (e.g., in the heart).

[0065] In certain examples, the system 840 provide momnitoring functionality using
at least two subsystems, including an implantable internal subsystem or device 8§30, The
implant device 830 can include control circuitry comprising one or more microcontroller(s),
discrete electronic componeni(s), and one or more power and/or data transmitier(s) (e.g.,
antennae coil}. The systern 840 can further include an external (e.g., non-implantable)
subsystem that includes an external reader 842 (e.g., coil), which may include a wireless
transceiver 848 that is electrically and/or cornmunicatively coupled to certain control
circuitry. In certain examples, both the internal 830 and external 842 subsystems include one
or more corresponding coil antennas for wireless communication and/or power delivery
through patient tissue disposed therebetween. The sensor implant device 830 can be any type
of implant device. For example, in some examples, the implant device 30 comprises a
pressure sensor integrated with another functional implant structure 39, such as a prosthetic

shount or stent device/structare.
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[0066] In certain examples, the implant device 830 can be configured to generate
electrical signals that can be wirelessly transmitted to a device outside the patient’s body,
such as the tllustrated local external monitor system 842. In order to perform such wireless
data transmuission, the implant device 830 can include radio frequency (RF) (or other
frequency band) transmission circuitry, such as signal processing circuitry and an anienna.
The antenna can comprise an antenna coil implanted within the patient. The control circuitry
may comprise any type of transceiver circuitry configured to transmit an electromagnetic
signal, wherein the signal can be radiated by the antenna, which may comprise one or more
conductive wires, coils, plates, or the like. The control circuitry of the tmplant device 830 can
comprise, for example, one or more chips or dies configured to perform some amount of
processing on signals generated and/or transmitted using the device 830, However, due to
size, cost, and/or other constraints, the imoplant device 830 may not include independent
processing capability in some examples.

[0067] The wireless signals generated by the implant device 830 can be received
by the local external monitor device or subsystem 842, which can include a reader/sntenma-
interface circuitry module configured to receive the wireless signal transmissions from the
implant device 830, which is disposed at least partially within the patient 44. For example,
the cirauitry module may include transceiver device(sYeircuitry.

[0068] The external local monitor 842 can receive the wireless signal
transmissions from the implant device 830 and/or provide wireless power to the implant
device 330 using an external antenna, sach as a wand device. In some examples, the local
roonttor device 842 can serve as an intermediate communication device between the implant
device 830 and the remote monitor 846, The local monitor device 842 can be a dedicated
external unit designed to commumicate with the implant device 830. For example, the local
monitor device 842 can be a wearable commumnication device, or other device that can be
readify disposed in proximity to the patient 844 and implant device8 30. The local monitor
device 842 can be configured to interrogate the implant device 830 continuously,
periodically, or sporadically in order to extract or request sensor-based information
therefrom. In certain examples, the local monitor 842 comprises a user interface, wherein a
user can utilize the interface to view sensor data, request sensor data, or otherwise interact
with the local monitor system 842 and/or implant device 830.

[0069] The systern 840 can include a secondary local monitor 847, which can be,
for example, a deskiop computer or other computing device configured to provide a

monitoring station or interface for viewing and/or interacting with the monitored cardiac
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pressure data. In an example, the local monitor 342 can be a wearable device or other device
or system configured to be disposed in close physical proximity to the patient and/or implant
device 830, wherein the local monitor 842 is primarily designed to receive/transmit signals to
and/or from the implant device 830 and provide such signals to the secondary local monitor
847 for viewing, processing, and/or manipulation thereof. The external local monitor system
§42 can be configured o receive and/or process certain metadata from or associated with the
implant device 830, such as device ID or the like. which can also be provided over the data
coupling from the tmplant device 830.

[0070] The remote monitor subsystem 846 can be any type of computing device
or collection of computing devices configured to receive, process and/or present monitor data
received over the network 849 {from the local monitor device 842, secondary local monitor
8§47, and/or implant device 830. For example, the remote monitor subsystern 846 can
advantageously be operated and/or controlled by a healthcare entity, such as a hospital,
doctor, or other care entity associated with the patient 844, Although certain examples
disclosed herein describe communication with the reroote monitor subsystem 846 from the
implant device indirectly through the local monitor device 842, in certain examples, the
implant device 830 can comprise a transmitter capable of communicating over the network
849 with the remote monitor subsystem 846 without the necessity of relaying information
through the local monitor device 842,

[0071] While the above has described the implant delivery device 832 as part of &
monitoring system, the implant delivery device 832, including the corved needle examples
described in previous figures, can be utilized with non-monitoring iraplants, such as shunts,
balloons, valves or the like. In addition, the implant delivery device 832 may be used with
manual medical devices and does not necessarily need to be used with computerized medical
devices and systems.

[0072] Figures 9-1, 9-2, and 9-3 {collectively referred to as Figure 9}, provides a
flow diagram representing a process 900 for using an implant delivery device that uses a
curved needle to perform a medical procedure, according to one or more examples disclosed
herein. A health provider, such as a surgeon, can use the process 900 during a transseptal,
trans aorta, transfemoral artery, trans radial, transapical, or other surgical approach to perform
a medical procedime {e.g., installing a stent, valve, or other implant}. In addition, for ease of
explanation, the following uses the label numbering fror prior figures in referring to certain

structures of components, However, the process is not limited to the specific example
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iHustrated in those figures. For example, the example of Figures 4A-4F, Figures 5-7, as well

as other exaraples of the anchor placement device can perform the process 900.

[0073] Corresponding Figures 10-1, 10-2, and 10-3 (collectively referred to as
Figure 10} provide a view of the implamt delivery device in the heart as process 900 is
performed.

[0074] At block 902, the process 900 involves accessing a right atriom 5 of a

heart of a patient with a catheter-based implant delivery device 111 (labeled as 1112 and

1 Hib in Figure 10). Image 1001 of Fig. 10-1 shows various catheter-/sheath-type dehivery
devices/systerns 111 that roay be used to implant devices in accordance with aspects of the
present disclosure. The implant delivery device 111 can advantageously be steerable and
relatively small in cross-sectional profile to allow for traversal of the various blood vessels
and chambers through which thev may be advanced en route to, for example, the right atriom
5, coronary sinus 16, lett atrinm 2 or other anatomy or chamber. Catheter access to the right
atrivim 5, coronary sinus 16, or left atrium 2 in accordance with certain transcatheter solutions
may be made via the inferior vena cava 29 (as shown by the catheter 111a} or the superior
vena cava 19 (as shown by the catheter 111h).

[0075] Although access to the right and/or left atria is fllustrated and described in
connection with certain examples as being via the right atrium and/or vena cavae, such as
through a transfemoral or other transcatheter procedure, other access paths/methods may be
implemented in accordance with examples of the present disciosure. For example, in cases in
which septal crossing through the interatrial septal wall is not possible, other access routes
may be taken to the left atrium 2. In patients suffering from a weakened and/or damaged
atrial septum, further engagement with the septal wall can be undesirable and result in further
damage to the patient. Furthermore, in some patients, the septal wall may be cccupied with
one or more implant devices or other treatments, wherein it 18 not tenable to traverse the
septal wall in view of such treatment(s). As alternatives to transseptal access, transaortic
access may be implemented, wherein a delivery catheter is passed through the descending
aorta 32, aortic arch 12, ascending aorta, and aortic valve 7, and into the left atrium 2 through
the mitral valve 6. Altematively, transapical access may be implemented to access the target
anatomy.

[0076] The process 900 may involve placing a guidewire 59 in the left atrium 2
via a pathway through the coronary sinus. For example, such guidewire placement roay
involve one or more of the operations associated with blocks 908 and 910, which, as with any

other of the blocks of the process 900, may be considered optional operations. The operations
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associated with blocks 904 and 906 relate steps in making a puncture hole throuagh a wall of
the coronary sinus for advancing the guidewire 59 into the left atrium.

[0077] Any of several access pathways visible and/or apparent in the image 1001
may be implemented for maneuvering guidewires and delivery systems/catheters in and
around the heart to implement any of the operations associated with the various blocks of the
process 900. For instance, access may be from above via either the subclavian or jugula
veins into the superior vena cava 19, right atrium 5 and from there into the coronary sinus 16.
Alternatively, the access path may start in the femoral vein and through the inferior vena cava
29 into the heart. Other access routes may also be used, and each typically utilizes a
percutaneous incision through which a guidewire and/or catheter are inserted into the
vascitlature, normally through a sealed introducer, and from there the physician controls the
distal ends of the devices from outside the body.

[0078] At block 904, the process 900 involves advancing the catheter 51 via the
coronary sinus 16. Within the catheter is, in accordance with some examples, a hollow,
curving needle 52, such as those described in Figures 4-7. As discussed above, the needle can
be in at least two configurations. In the first configuration, the needle is relatively straight in
the catheter 51. The walls of the catheter can constrict the needle and prevent the needle from
curving.

[0079] The catheter 51 can be introduced into the body through a proximal end of
an introducer sheath (not shown). The introducer sheath can be configured to provide access
to the particular vascolar pathway {e.g., jugular or subclavian vein) atilized, and roay have
one or more hemostatic valves associated therewith/therein. While holding the relevant
introducer sheath at a fixed location, the surgeon can manipulate the catheter 51 to the
implant site. One or more radiopague markers may be disposed on the catheter 51 to help the
surgeon determine the precise advancement distance for the catheter within the coronary
sinus.

[0080] Since the corpnary sinus 106 is largely contiguous arcund the left atrivim 2,
there are a variety of possible acceptable placements for an implant or other medical device.
The site selected for placement of the implant (and, therefore, for puncture through the tissue
wall 213, may be made in an area where the tissue of the particular patient is less thick or Jess
dense, as determined beforehand by non-invasive diagnostic means, sach as 2 CT scan or
radiographic technique, such as fluoroscopy or intravascular coronary echo. Image 1002 of
Figure 10-2 shows the catheter 51 being advanced from the right atrium 5 into the coronary

sinus 16 through its ostiom or opening 14.

19



WO 2023/154235 PCT/US2023/012365

[0081] At block 906, the process 900 involves deploying the needle into its
second configuration froma the catheter into the left atriurm 2, as seen inimage 1003 and 1004,
The needle 52 is configured to puncture the tissue wall 21 to gain access into the left atriom
2. Image 1003 shows the needle begin deployment from the catheter 51. As the end portion of
the needle 1s biased to curve, tension is placed by the end portion of the needle against the
interior wall of the catheter, which prevents the end portion from curving. As the distal end of
the needle slides past an opening in the catheter wall, the tension against the wall is relgased,
freeing the end portion of the needle to begin bending. This bending causes the distal end of
the needle o angle upwards into the wall 21. As the needle 52 is advanced forward, the
needle tip pierces into the wall. Advantageously, the curve in the needle can also orient the
needle toward the left atrium 2 when deployed trom the catheter 51.

[0082] At block 908, the process 900 involves deploying a guidewire 59 through
the needle 52 into the left atrium 2. In some examples, the needle is hollow (e.g., a
hypodermic needle), allowing a guidewire 59 to be pushed through the needle and into the
left atrium 2 or into whatever target site the needle 32 is placed into. Image 1005 of Figure
10-3 shows the guidewire 59 deploying from the needlie 52.

[0083] At block 910, the process 900 involves withdrawing the needle 52 and
leaving the guidewire 59 in the let atrium. Tmage 1006 shows the needle 52 withdrawn from
the catheter 51 from the proximal end (e.g. the catheter handle). However, the needle 52 does
not need o be completely withdrawn from the catheter, For example, if the catheter 51 will
be moved to secondary target location, the needle 52 may remain within the catheter 51 after
being withdrawn from the primary target location.

[0084] At black 912, the process 900 involves deploying an implant via the
guidewire. For example, the implant may be a balloon 60, as shown in image 1006. In
another exarmple, the implant may be a shunt 61. Such a shunt implant device 61 may be
deployed in the tissue wall 21 in order to shunt blood from the left atrium 2 into the coronary
sinus 16. Image 1007 shows a shunt being deployed from the guidewire. In some situations,
multiple medical devices may be used. For example, the balloon 60 may be used to enlarge
the opening so that the shunt 61 may be deployed. While the above describes a balloon and a
shunt, other types of medical implants or devices may be used with the implant delivery
system.

[0085] At block 914, the process 900 involves withdrawing the delivery system,

including the catheter 51, from the deployment site. Included in such withdrawal is the
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guidewire 59, which is also removed from the patient’s anatomy. Image 1007 shows the
catheter 51 being withdrawn from the coronary sinus 16.

[0086] Although described in the context of implanting a device in the wall
between the coronary sinus and left atrium, it should be understood that the process 900 may
be implernented, at least in part, to traplant or deliver a medical device in other anatomy
and/or tissue walls, such as the atrial septum or ventricular septam.

[0087] Figure 11 illustrates various examples of needle ends (also called needle
points) that may be used with the examples of the hollow needle described in the earlier
figures. Needle ends may be formed in various shapes that are appropriate for different uses.
For example, taper-point needles provide good penetration of soft tissue. Blunt taper points
have blunder ends to reduace the risk of needle stick injury. The needle ends may be straight,
curved, or angled depending on the desired usage.

[0088] Needle end 1102 includes a needle edge at a relatively shallow angle. The
needle edge is formed from one side of the outer needle wall to the other, opposite side of the
outer needle wall. Por example, the angle formed by the needle edge at the point of the needle
may be around 40-50 degrees.

[0089] Needle end 1104 includes a needle edge at a sharply steeper angle than
needle end 1102. For example, the angle formed at the point of the needle may be around 16-
20 degrees. Needle end 1106 includes 2 needle edge forming an angle of around 30-40
degrees. Needle end 1108 includes a needle edge forming an angle of around a 20-30 degree
at the point of the needle.

[0090] Needle end 1110 includes an angled end, with a needle edge formed
relatively parallel to a needle body section closest to the needle end 1110. The angled needle
end can facilitate a change in direction as a guidewire leaves the needle.

[0091] The above are just some examples of needle ends that can be used with the
various needies of implant delivery devices described herein. Depending on the desired use
case such as the entry point or route used through the body, various types of needle ends may
be more beneficial to ose.

[0092] Figures 12A —~ 12C illustrate various cut patterns that can be used on the
needle body of examples of the hollow needle described above. Figure 12A illustrates a cut
pattern with at least 100 cots. As discassed above, the number of cuts in the pattern can vary,
with the variation of cuts (e.g., made using a laser or other cutting tool) affecting the
curvature of the curved needle end. In comparison to the cuts in Figures 4A-4C, the cut

pattern in Figures 12A-12C may be thinner and closer together, the same size and spread over
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a larger surface area of the needle, and/or both thinner and covering a larger surface area of
the needle. Generally, adding more cuts increases the curvature while reducing the number of
cuts reduces the curvature of the needle. The cuts may have a width of about 1mm, 0.8 mm,
{.5mim, or even narrower, However, the depth and/or width of the cuts can vary depending on
the desired characteristics for the needle. The cuts may be spaced a few millimeters or less
apart. In some examples, the cuts are uniform. Other examples may have varying cuts. The
cuts may be aligned in parallel along a same side or surface of the needie end. The cuts may
be a single column or multiple colomns, for example, as shown in Figures 12A- 12B. The
cuts raay also be in more complex patterns, for exaraple, as shown in Figure 12C,

[0093] Figure 12A iHustrates a needle 1200 with two columns of cuts 1202, 1206.
The cuts are separated by a spine 1234 on one side of the needle, with another spine {(not
shown) on the opposite side. The spines 1204 provide rigidity and support to the needle 1200,
while the cuts provide flexibility. For example, in a layout with spines on the top and bottom,
the spines inhibit up and down movement while the cuts allow left and right movement of the
needle 1200, As will be apparent, the needle may be rotated 1o {ace the cuts in the direction
{e.g., up/down, side-to-side} where flexibility is desired.

[0094] Figure 12B illustrates a neadle 1210 with three columns of cuts 1212,
1216, 1218. Between the first cohumn 1212 and the second column 1216 1s a first spine 1214,
Between the second column 1216 and the third columan 1218 is a second spine 1218, Between
the third column 1218 and the first column 1212 is a third spine (not shown). By having three
columus of cuts, flexibly is provided in three different directions (e.g., at 120 degrees, at 240
degrees, and at 360 degrees relative to the needle’s outer diarseter). Meanwhle, the needle
remains stiffer along the spines.

[0095] Figure 12C illustrates a needle 1220 having an alternating pattern of cuts.
A first set of cuts are made in a first column, with a second set of cuts opposite the {irst set of
cuis in a second column. interleaved with the first and second set of cuts are a third set of cuts
rotated 90 degrees relative to the first set of cuts and a fourth set of cuts opposite the third set
of cuts. For example, cut 1224 has an opposite cut (not shown) on the other side of the
needle. Cut 1222 {shown in a side profile) has an opposite cut 1223 on the other side of the
needle.

[0096] In some examples, the corners of the cuts are scored to facilitate bending at
the corners of the cuts. For example, a first cut has a first scoring 1226a at one of its comers

while the a second cut opposite the first cut has a second scoring 1226b at one of its corners.
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The first and second cuts have a corresponding scorings on the their other corners (not
shown).

[0097] As will be apparent, the above are just some examples of cut paiterns.
(ther cut patterns can be used to provide flexibility and stiffness along the desired directions.
For example, one or more columns of cots can be ased to provide {lexibility while one or
more spines can be formed along the needle body to provide stiffness.

[0098] Figure 13 illustrates a needle 1300 that uses a wire stiffener to maintain its
shape, in accordance with one or more examples. The needle 1300 can be made of a plastic
maferial, such as polycarbonate, polypropylene, acrylomnitrile butadiene styrene (ABS),
polyethylene terephthalate glycol (PETG), polyethylene, polymethyl methacrylate, polyvinyl
chloride (PV(), and/or nylon. While plastic materials are pliable, such materials may not
have enough elasticity to fully restore itself to the intended curvature of the needle 1300. By
using a wire stiffener 1306, using a metal material with better elasticity than the plastic, the
overall elasticity of the needie 1300 can be improved, enabling the curvature of the needle
1300 to be restored after the needle 1300 leaves an introducer sheath or catheter.

[0099] The needie 1300 can operate similarly to the needle 400 in Figures 4D-4F,
where the needle end 1304 is in a first configuration while in a catheter, but in a second
configurasion when exiting the catheter. In the first configuration, the interior catheter walls
can keep the needle end 1304 in a relatively straight position relative (o the needle body
1302, though there may be slight curves of several degrees in the needle end. In addition, the
needle body 1302 may bend by even more, as the needle body 1302 winds its way to the
heart along various bodily lumens. However, the needle end 1304 and needle body 1302 can
be considered in alignment, with both sections pointing in the same direction {e.g., distal end
of needle end 1304 and distal end of needle body 1302}, toward the target tissue location. In
the second configuration, the needle end 1304 returns to its natoral or intended shape, which
is the curved shape shown in Figure 13. Similar to the needle 400 in Figures 4D-4F, the
needle 1360 is hollow, allowing a gimdewire to be delivered to a target site within the needle
500.

[0100] A cross-cut 1310 of the needle 1300 taken at line 1308 shows the interior
structure of the needle 1300, according to certain examples. In the illustrated example, the
needle 1300 inclodes a first lumen (312 and a second lumen 1314, A lamen wall 1316 can
exiend from one side of the outer wall to another side of the outer wall, dividing the first
Iumen from the second lumen. The wall may be straight or curved, depending on the desired

shape of the lumens. The lumen wall 1316 may provide additional stiffness to the needie by
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bracing the outer walls of the needie. The wire stiffener 1306 may be configured to fit into
the second lumen 1314, Meanwhile, the first lurnen 1312 can be used to deliver a guidewire
or other device to a target tissue site.

[0101] As shown in the cross-cut 1310, the first Jumen 1312 has a round cross-
section while the second lomen 1314 has a generally rectangular cross-section. Other
examples may use different lumen shapes or dirnensions, depending on the desired properties
for the needle. For example, the second lnmen 1314 may be enlarged to fit a thicker wire
stiffener 1306, if greater stiffness and/or elasticity is desired.

[0102] Figure 14 illustrates a needle 1400 that uses a wire stiffener 1406 along its
interior curvature (o maintain its shape, in accordance with one or more examples. The needle
1400 of Figure 14 is similar in functionality to the needle 1300 of Fgure 13, differentiated
mainly in the location of the wire stiffener 1406. Placing the wire stiffener 1406 along the
interior curvature may facilitate better force transfer from the wire stiffener 1406 to the
needle body 1402 and needle end 1404, as the wire stiffener 1406 is in contact with the
interior curving surface of the needle 1400.

[0103] Similar to the needle of Figure 13, the needle 1400 can be made of a
plastic material, such as nylon or a similar polymer. The wire stiffener 1406 can use a metal
material to improve the overall elasticity of the needle 1400. The needle 1400 can operate
stmilarly to the needle 400 in Figures 413-4F, where the needle end 1404 15 in a first
configuration while in a catheter, but in a second configuration when exiting the catheter.
Similar to the needle 400 in Figures 4D-4F, the needle 1400 is hollow, allowing a guidewire
to he delivered to a target site within the needle 1400.

[0104] Needles 1400 made of plastic material may not have enough rigidity to
pierce through tissue. In those examples, the wire stiffener 1406 can include a needle tip
1407, In some troplementations, the wire stiffener 1406 may be used o pierce through tissue,
to create an opening for the needle. In one example implementing, the wire stiffener 1406
can be pushed out of the hollow needie such that the needle tip of the wire stiffener 1406
extends past the needle end 1404, The extended needle tip 1407 can then be used to pierce
through tissue, creating an opening for the needle 1400.

[0105] A cross-cut 1410 of the needle 1400 taken at line 1408 shows the interior
structure of the needle 1400, according to certain examples. In the ilustrated example, the
needle 1400 includes a first lamen 1412 and a second lumen 1414, A tumen wall 1416 can
extend from one side of the outer wall to another side of the outer wall, dividing the first

fumen from the second lumen. The wall may be straight or curved, depending on the desired
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shape of the Tumens. The lomen wall 1416 may provide additional stiffness to the needle by
bracing the outer walls of the needle. The wire stiffener 1406 may be counfigured to fit into
the second lumen 1414, Meanwhile, the first lumen 1414 can be used to deliver a guidewire
or other device to a target tissue site.

[0106] As shown in the cross-cut 1410, the first lumen 1412 has a round cross-
section while the second lumen 1414 has a crescent-shaped cross-section. Other examples
may use different lamen shapes or dimensions, such as shown in Figare 13, depending on the
desired properties for the needle. For example, the second lumen 1414 may be enlarged to fit
a thicker wire stitfener 1406, if greater stiffness and/or elasticity is desired.

[0107] Figures 15A ~ 15C illustrate various examples of wires stiffeners, in
accordance with one or more examples. Wire stiffener may include needle tips, which may
be of varving design, to aid in piercing tissue site. The needle tips may be formed on the wire
stiffeners may be sized to a desired length, based on the size of the hollow needles. In some
examples, the wire stilfeners are relatively short, at around 15 centimeters.

[0108] The first wire stiffener 1502 is illustrated as a narrow strip, with a pointed
end of about 30-45 degrees, measured from slanted edge to slanted edge. As shown, the
thickness of the wire stiffener 1502 is a fairly thin, which can enable the wire stiffener to
bend more easily. The second wire stiffener 1504 1s illustrated as a relatively wider strip,
with a pointed end of about a 453-80 degrees. The third wire stiffener 1506 is illustrated as a
relatively wider strip compared to the first wire stiffener 1502, with a pointed end of about
90-110 degrees. As will be apparent, the wire stiffeners may be made in various widths and
with various needle tips, based on the desired performance of the wire stiffeners.

[0109] Figures 16A-16C illustrate various views of a device 1600 comprising a
needle 1604 that uses a wire stiffener 1606, and a sheath 1602, according to one or more
examples disclosed herein. Figure 16A illustrates a side view of the sheath 1602, having an
opening 1606 for deploying the needie 1604, As the needle 1604 is extended out of the
sheath, the veedle 1604 is restored to its intended curvatare. Figure 16B is a close-up view of
the needle 1604 from an opposite side as Figure 16A. In the illustrated view, the wire
extender 1606 is shown extended past the distal end of the needie 1604. The tip 1607 of the
wire extender 1606 can be used o pierce through tissue. Figare 16C is a perspective close-ap
view of the needle 1604 showing the wire extender 1606 extended past the distal end of the

needle 1604,
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Additional Description of Examples

[0110] Provided below is a list of examples, each of which may include aspects of
any of the other examples disclosed herein. Furthermore, aspects of any example described
above may be implemented in any of the numbered examples provided below.

[0111] Example 1 A device for delivering a goidewire to a target locationina
patient’s body, the device coraprising: a hollow needle comprising: a lumen configured to
receive the guidewire; a body section of the holiow needle; and a biased section of the hollow
needle, the biased section configured to bend relative to the body section, the biased section
located on a distal end of the hollow needle; and a catheter comprising a catheter lumen, the
catheter lumen configured to receive the hollow needie and maintain the biased section and
the body section in relative alignment in a first configuration, wherein the hollow needle, in
response to the biased section extending out from the catheter, is configured to bend the
biased section relative to the body section in a second configuration.

[0112] Example 2: The device of any example herein, in particular example 1, and
further coraprising a plurality of cuts made in the biased section, the plurality of cuts
configured to aliow the biased section to bend.

[0113] Example 3: The device of any example herein, in particular example 2,
wherein the plarality of cuts are uniform and aligned in parallel along a same side of the
biased section, the same side comprising an inner surface of 2 curve formed by the biased
section.

[0114] Example 4: The device of any example herein, in particular any of
examples 2 to 3, wherein the plurality of cuts number at least 10 cuots.

[0115] Example 3: The device of any example herein, in particular any of
examples 2 to 4, wherein the plurality of cuts are laser cuts.

[0116] Example 6. The device of any exarnple herein, in particular any of
examples 2 to 5, further comprising a sealant over the plarality of cuts.

[0117] Example 7: The device of any example herein, in particular example 1,
wherein the hollow needle further comprises: a second himen configared to hold a wire
stiffener, the wire stiffener; wherein the body section and the biased section are made {from a
plastic material and the wire stiffener is configured to maintain the relative bend of the biased
section to the body section.

[0118] Fxaraple 8: The device of any example herein, in particular any of

examples 1 to 7, the biased section further comprising a needle tip, wherein a direction
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pointed 1o by the needle tip changes by at least 90 degrees when transforming {from the first
counfiguration to the second configuration.

[0119] Example 9: The device of any example herein, in particular any of
examples 1 to 8, the biased section having a radius of about 13.5mm and an arc of about 106
degrees.

[0120] Examaple 10: The device of any exaraple herein, in particular any of
examples I to 9, wherein the biased section forms a U-shape in the second configuration.

[0121] Example 11: The device of any example herein, in particular any of
examples 1 to 10, further comprising a ramp formed within the catheter lumen, the ramp
configured to deflect the biased section of the hollow needle relative to the body section.

[0122] Example 12: The device of any example herein, in particelar any of
examples 1 to 11, wherein an angle formed by the body section and the biased section is no
more than 90 degrees in the second contiguration.

[0123] Example 13: The device of any example herein, in particular any of
examples 1 to 12, wherein the catheter comprises an opening into the catheter huraen located
along a side of the catheter, the opening configured to provide egress out of the catheter
lemen for the hollow needle.

[0124] Example 14: A method for delivering a guidewire to a target location in a
patient’s body using a bollow needle deployed from a catheter, the method comprising:
advancing the hollow needle in the catheter to a first location, the hollow needle comprising a
biased section and a body section, the biased section and the body section maintained in
relative alignment by the catheter in a first configoration; advancing the biased section of the
hollow needle through an opening of the catheter; deploying the biased section of the hollow
needle through the opening of the catheter into a second configuration, wherein in response to
the hiased section extending out from the catheter, the biased section is configured to bend
relative to the body section; and deploying the guidewire from the hollow needle to the target
location.

[0125] Example 15: The method of any example herein, in particular example 14,
wherein deploying the biased section of the hollow needle comprises piercing through a
tissue wall with the hollow needle to reach the target location.

[0126] Example 16: The method of any example herein, in particular example 15,
further comprising deploying a medical implant to the target focation using the guidewire.

[0127] Example 17: The method of any example herein, in particolar any of

examples 14 to 16, the biased section further comprising a needle Up, wherein a direction
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pointed 1o by the needle tip changes by at least 90 degrees when transforming {from the first
counfiguration to the second configuration.

[0128] Example 18: The method of any example herein, in particular any of
examples 14 to 16, wherein the biased section forms a U-shape in the second configuration.

[0129] Example 19: The method of any example herein, in particudar any of
examples 14 to 16, further comprising after deploying the guidewire, withdrawing the hollow
needle from the target location while retaining the holiow needle in the catheter.

[0130] Example 20: The method of any example herein, in particolar any of
examples 14 to 16, wherein the hollow needle 1s made at least partly from nylon or nitinol.

[0131] Example 21: A hollow needie for delivering a guidewire to a target
location in a patient’s body, the hollow needle comprising: a lomen configured to receive the
guidewire; a body section of the holiow needle; and a biased section of the hollow needle
located on a distal end of the hollow needle, the biased section comprising: a needle tip; and a
plurality of cuts aligned in parallel along a same side of the biased section, the same side
comprising an inner surface of a curve formed by the biased section, the plurality of cuts
configured to cause the biased section to bend relative to the body section.

[0132] Example 22: The hollow needle of any example herein, in particalar
example 20, wherein the plarality of cots comprises at least 10 cuts that are gniform.

[0133] Example 23: A hollow needle for delivering a guidewire to a target
location in a patient’s body, the hollow needle comprising: a lumen configured to receive the
audewire; a body section of the hollow needle; and a biased section of the hollow needle, the
hiased section configured to bend relative to the body section, the biased section located ona
distal end of the hollow needie.

[0134] Example 24: The hollow needle of any example herein, in particolar
example 23, further comprising: a second lumen configured to hold a wire stiffener, the wire
stiffener comprising a pointed end configured to pierce tissue; wherein the body section and
the biased section are made from a plastic material and the wire stiffener is configured to
maintain the relative bend of the biased section to the body section.

[0135] Hxample 25: The hollow needle of any example herein, in particular
example 23, further comprising a plurality of cuts made in the biased section, the plarality of
cuis configured to allow the biased section to bend.

[0136] Depending on the embodiment, certain acts, events, or functions of any of

the processes or algorithms described herein can be performed in a different sequence, may
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be added, merged, or left out altogether. Thas, in certain embodiments, not all described acts
or evenis are necessary for the practice of the processes.

[0137] Conditional language used herein, such as, among others, “can,” “could,”
“might,” “may,” “e.g.,” and the like, unless specifically stated otherwise, or otherwise
understood within the context as used, is intended in its ordinary sense and is generally
intended to convey that certain ernbodiments include, while other embodiments do not
include, certain features, elements and/or steps. Thus, such conditional language is not
generally intended to imply that featares, elements and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily include logic for
deciding, with or without author input or prompting, whether these features, elements and/or

steps are incloded or are to be performed in any particular embodiment. The terms

29 u] s

“comprising,” “incloding,” “having,” and the like are synonymous, are used in their ordinary
sense, and are used inclusively, in an open-ended fashion, and do not exclude additional
clements, features, acts, operations, and so forth. Also, the term “or” is used in its inclusive
sense {(and not in its exclusive sense) so that when used, for example, to connect a list of
elements, the term “or” means one, some, or ali of the elements in the list. Conjunctive
language such as the phrase “at least one of X, Y and 7. unless specifically stated otherwise,
is understood with the context as used in general to convey that an item, term, element, etc.
may be either X, Y or Z. Thus, such conjunctive language is not generally intended to imply
that certain embodiments require at least one of X, at least one of Y and at least one of Z to
each be present.

[0138] It should be appreciated that in the above description of embodiments,
various features are sometimes grouped together in a single embodiment, Figure, or
description thereot for the purpose of streamlining the disclosure and aiding in the
understanding of one or more of the various inventive aspects. This method of disclosure,
however, is not {o be interpreted as reflecting an intention that any claim require more
features than are expressly recited in that claim. Moreover, any components, features, or steps
ilhustrated and/or described in a particular embodiment herein can be applied to or used with
any other embodimeni(s). Further, no component, {eature, step, or group of components,
features, or steps are necessary or indispensable for each embodiment. Thus, it is intended
that the scope of the inventions herein disclosed and claimed below should not be limited by
the particular embodiments described above, but should be determined only by a fair reading

of the claims that follow.
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[0139] [t should be anderstood that certain ordinal termus {e.g., “first” or “second”)
may be provided for ease of reference and do not necessarily imply physical characteristics or

EEREYS

ordering. Therefore, as used hersin, an ordinal term (e.g., “first,” “second,” “third,” etc.) used
to modify an element, such as a strocture, a component, an operation, etc., does not
necessarily indicate priority or order of the element with respect to any other element, but
rather may generally distinguish the element from another element having a similar or
identical name (but for use of the ordinal term). In addition, as used herein, indefinite articles
("a” and “an”y may indicate “one or more” rather than “one.” Further, an operation performed
“based on” a condition or event may also be performed based on one or more other
conditions or events not explicitly recited.

[0140] Unless otherwise defined, all terms {(ncluding technical and scientific
terms) used herein have the same meaning as coramonly understood by one of ordinary skill
in the art to which example embodiments belong. It be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a meaning that
is consistent with their meaning in the context of the relevant art and not be interpreted in an
idealized or overly formal sense unless expressly so defined herein.

[0141] The spatially relative terms “outer,” “inner,” “upper,” “lower,” “below,”
“above,” “vertical,” “horizontal,” and similar terms, may be used herein for ease of
description to describe the relations between one element or component and another element
or component as illustrated in the drawings. It be understood that the spatially relative terms
are intended to encompass different orientations of the device in use or operation, in addition
to the orientation depicted in the drawings. For example, in the case where a device shown in
the drawing is turned over, the device positioned “below” or “beneath”™ another device may
be placed “above” another device. Accordingly, the illustrative term “below” may include
both the lower and upper positions. The device may also be oriented in the other direction,
and thus the spatially relative terms may be interpreted differently depending on the
orientations.

[0142] Unless otherwise expressly stated, comparative and/or quantitative terms,

2

such as “less,” "more,” “greater,” and the like, are intended (o encompass the concepts of
equality. For example, “less” can mean not only “less” in the strictest mathematical sense, but

also, “less than or equal t0.”
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WHAT IS CLAIMED IS:

1. A device for delivering a guidewire to a target location in a patient’s body, the
device comprising:
a hollow needle comprising:
a lumen configured to receive the guidewire;
a body section of the hollow needle; and
a biased section of the hollow needle, the biased section configured to
bend relative to the body section, the biased section located on a distal end of
the hollow needle; and
a catheter comprising a catheter lumen, the catheter lumen configured to receive the
hollow needle and maintain the biased section and the body section in relative alignment in a
first configuration,
wherein the hollow needle, in response to the biased section extending out from the
catheter, is configured to bend the biased section relative to the body section in a second

configuration.

2. The device of claim 1, and further comprising a plurality of cuts made in the biased

section, the plurality of cuts configured to allow the biased section to bend.

3. The device of claim 2, wherein the plurality of cuts are uniform and aligned in
parallel along a same side of the biased section, the same side comprising an inner surface of

a curve formed by the biased section.

4. The device of any of claims 2 to 3, wherein the plurality of cuts number at least 10

cuts.

5. The device of any of claims 2 to 4, further comprising a sealant over the plurality of

cuts.
6. The device of claim 1, wherein the hollow needle further comprises:

a second lumen configured to hold a wire stiffener, the wire stiffener

comprising a pointed end configured to pierce tissue;
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wherein the body section and the biased section are made from a plastic
material and the wire stiffener is configured to maintain the relative bend of the biased

section to the body section.

7. The device of any of claims 1 to 6, the biased section further comprising a needle
tip, wherein a direction pointed to by the needle tip changes by at least 90 degrees when

transforming from the first configuration to the second configuration.

8. The device of any of claims 1 to 7, the biased section having a radius of about

13.5mm and an arc of about 106 degrees.

9. The device of any of claims 1 to 8, wherein the biased section forms a U-shape in

the second configuration.

10. The device of any of claims 1 to 9, further comprising a ramp formed within the
catheter lumen, the ramp configured to deflect the biased section of the hollow needle relative

to the body section.

11. The device of any of claims 1 to 10, wherein an angle formed by the body section

and the biased section is no more than 90 degrees in the second configuration.

12. The device of any of claims 1 to 11, wherein the catheter comprises an opening
into the catheter lumen located along a side of the catheter, the opening configured to provide

egress out of the catheter lumen for the hollow needle.

13. A method for delivering a guidewire to a target location in a patient’s body using
a hollow needle deployed from a catheter, the method comprising:

advancing the hollow needle in the catheter to a first location, the hollow needle
comprising a biased section and a body section, the biased section and the body section
maintained in relative alignment by the catheter in a first configuration;

advancing the biased section of the hollow needle through an opening of the catheter;

deploying the biased section of the hollow needle through the opening of the catheter
into a second configuration, wherein in response to the biased section extending out from the

catheter, the biased section is configured to bend relative to the body section; and
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deploying the guidewire from the hollow needle to the target location.

14. The method of claim 13, wherein deploying the biased section of the hollow
needle comprises piercing through a tissue wall with the hollow needle to reach the target

location.

15. The method of claim 14, further comprising deploying a medical implant to the

target location using the guidewire.

16. The method of any of claims 13 to 15, further comprising after deploying the
guidewire, withdrawing the hollow needle from the target location while retaining the hollow

needle in the catheter.

17. The method of any of claims 13 to 15, wherein the hollow needle is made at least

partly from nylon or nitinol.

18. A hollow needle for delivering a guidewire to a target location in a patient’s body,
the hollow needle comprising:
a lumen configured to receive the guidewire;
a body section of the hollow needle; and
a biased section of the hollow needle, the biased section configured to
bend relative to the body section, the biased section located on a distal end of

the hollow needle.

19. The hollow needle of claim 18, further comprising:

a second lumen configured to hold a wire stiffener, the wire stiffener
comprising a pointed end configured to pierce tissue;

wherein the body section and the biased section are made from a plastic
material and the wire stiffener is configured to maintain the relative bend of the biased

section to the body section.

20. The hollow needle of claim 18, further comprising a plurality of cuts made in the

biased section, the plurality of cuts configured to allow the biased section to bend.

33



